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Preface and Acknowledgments

Preface and Acknowledgments

This report details the objectives, structure, scope, results, and conclusions of the US Department of
the Interior, Bureau of Ocean Energy Management (BOEM) contract #M10PC00099, titled “Pilot
Study of Aerial High-definition Surveys for Seabirds, Marine Mammals and Sea Turtles.” This
project was awarded by BOEM (then Bureau of Ocean Energy Management, Regulation, and
Enforcement, BOEMRE) to Normandeau Associates, Inc. (then Pandion Systems, Inc.) on 22 Sep
2010 with an expected period of performance of two years from the award date. The objectives of
this study, as stated in the contract, were as follows:

to develop and test a methodology for conducting surveys of birds, marine mammals, and sea
turtles in the offshore environment using state of the art survey techniques that are efficient
and provide high quality, reproducible data.

This objective was largely inspired by pioneering European offshore wind-wildlife studies using
high-resolution aerial imaging survey methodologies. Several such studies are cited in the original
Request for Proposal (RFP) and in the contract, including an article by Drs. Chris Thaxter and Niall
Burton (2009) of the British Trust for Ornithology (BTO), who reviewed European high-resolution
aerial imaging survey methodologies as applied to offshore wind-wildlife studies in the late 2000s,
as a follow up to a workshop held in the UK in 2009 on these methodologies, sponsored by the
Collaborative Offshore Wind Researches Into the Environment (COWRIE) consortium.

BOEM’s desire to “build on the European experience” was specified in the contract’s scope of work,
which also further defined the project’s objectives and scope to specifically include high-resolution
aerial imaging surveys and several other criteria and qualifiers as follows: “[BOEM] seeks to
establish a safe, effective, affordable and scientifically valid sampling protocol for high-[resolution]
aerial transect surveys to determine seasonal and annual variation in distributions and abundances of
birds along the Atlantic coast of the United States from the shoreline to 30 miles offshore and to test
the utility of the technique for surveys of marine mammals and sea turtles, as well as birds.”

These objectives were translated into a set of tasks and expected project outcomes (deliverables) in
the contract as follows:

Tasks (not including administrative, meeting, reporting)

Evaluate aircraft for safety and effectiveness offshore

Evaluate high [resolution] cameras and mounting systems

Develop protocols for camera control and operation

Evaluate and recommend [onboard] data recording systems

Propose a valid survey sampling grid or grids and estimate the cost per square mile surveyed
Develop software to automate data analysis

Evaluate effectiveness of high-[resolution] aerial transects for surveys of [birds], marine
mammals, and sea turtles.
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Deliverables (including specified sections of final project report)

e Evaluation of, and recommendations for, specific candidate technologies for conducting
aerial high-resolution wildlife imaging surveys, including aircraft, cameras, mounts, digital
recorders, and camera control and calibration systems (see tasks listed above).

e Protocol(s), including cost estimates for all stages up to and including data analysis, for
conducting aerial high-resolution imaging surveys for the purpose of characterizing seasonal
and annual distribution and abundance of birds, marine mammals, and sea turtles from the
coast to 30 miles offshore, and from the Maine/Canada border to Miami, FL.

e Software (and accompanying user’s manual) to automate digital survey data extraction and
image processing to the extent possible, particularly to separate out “zero” frames, and
identify potential animals in the captured imagery.

e Evaluation of the effectiveness of digital high-resolution imaging surveys for detecting and
identifying birds, mammals, and sea turtles in marine environments, and for characterizing
their seasonal and annual distribution patterns, in comparison to the effectiveness of
conventional, visual observer based surveys using boats and low flying aircraft.

Our approach to satisfying these objectives, performing these tasks, and producing these deliverables
was three-pronged, as follows:

1) Assemble a project team containing world-leading experts in the various specialized fields of
study entailed in the study’s scope. The specific personnel and organizations that comprised the
project team are described below, and collectively encompassed all of the technological and
biological facets of the project including aviation (manned and unmanned aircraft systems), high-
resolution imaging and image processing, marine biology (birds, marine mammals, sea turtles), and
European experience with high-resolution imaging surveys as applied to offshore wind-wildlife
studies. The collective expertise of our team enabled us to develop state-of-the-art high-resolution
imaging systems for use in experimentation. Our team’s expertise also enabled us to perform the
evaluation and recommendation components of this study, with experts in their respective fields
gathering and synthesizing current information from technical literature and current commercial
practice, and then evaluating experimental results to assess effectiveness and develop
recommendations.

2) Conduct experimental surveys. The experimental field studies we conducted offshore of Oak
Island, North Carolina during May 2011 (Operations House [Op House] see Chapter 1) served as the
core of this study, providing the data from which most of the evaluations, protocols, and software
deliverables of this study were derived. We applied an experimentalist paradigm to these field
surveys, performing offshore aerial high-resolution wildlife imaging survey trials with a variety of
imaging treatment combinations (e.g., image resolution, camera tilt, flight altitude), alongside
control surveys conducted with conventional survey methodologies using expert visual observers
aboard a boat (vessel) and a low flying aircraft. We also conducted a variety of smaller scale
imaging survey trials using an unmanned aircraft system (UAS).

3) Manually review high-resolution imagery. We conducted a comprehensive, manual review of all
of the imagery gathered during the imaging experiments with the manned aircraft (Op House flight
trials) described above, to discover and extract all images of animals captured in the surveys along
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with all relevant metadata. This review, and the resulting archive of animal images, provided
essential raw material for the development of automated animal recognition software, and also
served as the basis for our evaluations of the effectiveness of the specific high-resolution imaging
configurations we tested during our experiments. These evaluations, in turn, served as the basis for
the development of the high-resolution imaging protocols we present in this report, which are
intended to provide practical, feasible, and complete sets of instructions and cost estimates for
conducting safe, cost-effective, and scientifically optimized study designs for the characterization of
marine bird, sea turtle, and mammal distribution and abundance patterns on the US Atlantic Outer
Continental Shelf (AOCS), using aerial high-resolution imaging surveys.

Project Team, Roles, and Contributions: We acknowledge the contributions of many individuals and
organizations to this project. These individuals are listed in below, along with the institutional
affiliation and project role of each.

Project Personnel with Institutional Affiliation and Project Role.

Name

Organization

Role

Lisa Algarin

BSEE

Contract Officer

Mary Jo Barkaszi

ECOES Consulting,
Inc.*

Op House visual-observer survey
manager, marine mammal and sea turtle
expert, contributing author

Wes Biggs

Normandeau

Bird observer

Richard Brown

ECOES Consulting,
Inc.

Mammal/turtle observer

Niall Burton

BTO

Contributing ornithologist

Jenny Carter

Normandeau

Administrative manager, document
production, editing

Randall “RJ” Clark

Pinnacle 1 Aviation

Aviation coordinator, contributing author

Stephen Cluff

Boulder Imaging

Target detection algorithm developer

Emily Cochran

Normandeau

Image analysis

Ed Coffman

Orion Aviation

Aviation service provider

Timothy Cole

NOAA

Project liaison, technical contributor to
protocol section

Stephen Earsom USFWS Project liaison, technical contributor to
protocol section

Natalie Elorza-Welling | Normandeau Image analysis

Greg Forcey Normandeau Contributing ornithologist, statistical and
modeling analysis

Caleb Gordon Normandeau Project manager, lead scientist and

ornithologist, lead author, Op House
director, bird observer
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Project Personnel with Institutional Affiliation and Project Role.

Name

Organization

Role

Charles Grandgent Normandeau Information technology
engineer/designer

Jennifer Grindle Normandeau Image analysis

Alexis Hampton Normandeau Administrative coordinator

Eric Haney Normandeau Bird observer

Rachel Hardee

ECOES Consulting,
Inc.

Mammal/turtle observer, sea turtle expert
image analyst

Christy Harrington

A.1.S Observers, Inc.

Mammal/turtle observer

Mitch Harris Normandeau Bird observer
David Hartgrove Normandeau Bird observer
Robert Hasevlat Normandeau Safety coordinator

Stan Huddles

Orion Aviation

Pilot

Carlos Jorquera

Boulder Imaging

Chief image acquisition/processing
engineer

Binab Karmacharya Normandeau Contributing wildlife biologist and
author, image analyst, statistical and
modeling analysis

Adam Kent Normandeau Contributing ornithologist, image
analysis

Chelsea Kosobucki Normandeau Image analysis

Michael Kujawa

Gemini Renewables

Technical manager, contributing author

Jie Kulbida

Boulder Imaging

Target detection algorithm developer

Jason Luttrell

Boulder Imaging

Image acquisition/processing engineer,
contributing author, Op House imaging
manager, target detection algorithm
developer

Donald MacArthur IA Tech, Inc. Unmanned aircraft system engineer,
contributing author
Erica MacArthur IA Tech, Inc. Unmanned aircraft system engineer,

contributing author

Allison MacConnell

A.1.S Observers, Inc.

Mammal/turtle observer

Jeff Martin

ECOES Consulting,
Inc.*

Op House technical equipment
coordinator

Christina Maurice

Normandeau

Image analysis

Jerry Morris

Orion Aviation

Pilot
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Project Personnel with Institutional Affiliation and Project Role.

Name Organization Role

Christian Newman Normandeau Project director

Cameron Radford Orion Aviation Pilot

Ron Shrek Orion Aviation Pilot

Luke Szymanski AIS Observers, Inc. Op House vessel-based-visual survey
coordinator

Chris Thaxter BTO Contributing ornithologist and author

Michelle Vukovich Normandeau Contributing wildlife biologist and
author, image analyst

Julia Willmott Normandeau Project coordinator, contributing
ornithologist and author, Op House
coordinator, visual observer survey crew
manager, bird observer, image analysis
manager, data analysis

James Woehr BOEM Contracting officer’s representative

Renée Zenaida Normandeau Lead editor, document production

* Currently with Continental Shelf Associates, Inc.

Additional Acknowledgements: In addition to the people and institutions whose contributions to this
project are described in the table above, the project team wishes to acknowledge several additional
individuals and institutions that made valuable contributions to this project, as follows:

e The staff of all subcontractors’ institutions for administrative and technical support

e The owner, crew, and captain of the VVoyager

e Stuart Clough (APEM, Ltd) and Ib Krag Petersen (NERI) for information about the offshore
digital imaging survey methodologies used by their respective organizations

e Additional project liaisons, including Michael Rasser, David Bigger, Tre Glenn, Kimberley
Skrupky, Sally Valdes, and Brian Hooker of BOEM; Emily Silverman and Tim Bowman of

USFWS

e Assistance in developing the glare mitigation tool (formula for calculating angular deviation
from the glint spot) was provided by Dr. R. Scott Schappe, Department of Physics, Lake
Forest College, and Dr. Neal White, Department of Mathematics, University of Florida

e Keith Willmott provided assistance with geospatial data analysis from Op House imaging
surveys, as well as assistance with statistical comparisons of animal density data for the
three-platform methodological comparisons from the Op House survey data.

e Additional administrative and managerial staff of Normandeau Associates

Guide to the structure and origin of the content of this report: The main body of this report contains
a diversity of different types of content—reflecting the diverse nature of the tasks and specific
deliverables that were outlined in the contract. Herein, we provide a brief guide to the nature of the
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different sections, as well as the different project team members who were the primary contributors
to each original content section.

Introduction (Chapter 1)—This section was written by Normandeau, except for the subsection titled,
Review of European Chronology of Transition to Digital Surveys and Regulatory Acceptance of
Digital Data for Offshore Wind Ecological Studies (section 1.2),which was contributed by BTO’s
Dr. Chris Thaxter.

Experimental Design and Execution (Chapter 1)—This section describes the design and execution of
all fieldwork performed over the course of the study, including experimental and supplemental
imaging flights with the manned aircraft-based imaging system and associated control visual
observer based surveys by vessel and low flying aircraft (Op House), as well as all imaging flights
conducted with the UAS. The write-up of the Op House section was developed by Normandeau,
while the write-up of the UAS-based section was developed by Don and Erica MacArthur, IATech,
Inc.

Technical Analysis and Evaluations (Chapter 3)—This section presents our evaluations and
recommendations regarding the different technological elements of high-resolution survey systems.
Each subsection corresponds to a different task in the contract (as noted below), and was developed
by different technological specialists, as follows:

Introduction (section 3.1)—Normandeau Associates

Aircraft Evaluation (section 3.2, contract task 2)—Michael Kujawa, Gemini Renewables,
and Randall Clark, Pinnacle 1 Aviation (manned aircraft, section 2.2), Donald and Erica
MacArthur, 1ATech, Inc. (unmanned aircraft, section 2.3).

Camera and Mounting System Evaluation (section 3.3, contract task 3): Jason Luttrell,
Boulder Imaging (manned aircraft, section 3.3.2), Donald and Erica MacArthur, IATech,
Inc. (unmanned aircraft, section 3.3.3).

Camera Control and Calibration Procedures (section 3.4, contract task 4): Jason Luttrell,
Boulder Imaging (manned aircraft, section 3.4.2), Donald and Erica MacArthur, 1ATech,
Inc. (unmanned aircraft, section 3.4.3).

Evaluation of Onboard Data Recording Systems (section 3.5, contract task 5): Jason
Luttrell, Boulder Imaging (manned aircraft, section 3.5.2), Donald and Erica MacArthur,
IATech, Inc. (unmanned aircraft, section 3.5.3).

Protocols for Conducting High-resolution Wildlife Imaging Surveys in Support of Offshore Wind
Development on the Atlantic Outer Continental Shelf (Chapter 4)—In this chapter, we present a set
of three protocols, each corresponding to a different spatial scale (entire AOCS, regional, and project
scales), for conducting aerial high-resolution wildlife imaging surveys on the AOCS for birds,
marine mammals, and sea turtles. These protocols are included as per the specifications of task 6 of
the contract, and include total project cost estimates up to and including data analysis. They are
intended to be complete, pragmatic, feasible, and optimized for cost effectiveness, resting upon the
results of the analyses and evaluations of candidate technologies and methodological choices
presented in the other sections of this report. In addition to the protocols themselves, this chapter
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includes a discussion of sun glare, including anticipated impacts of sun glare on high-resolution
imaging surveys on the AOCS, and an originally developed analytic tool for mitigating these impacts
in conjunction with a specialized camera mount. This chapter also includes a discussion of selected
statistical and survey design methodological issues based on European experience, contributed by
Chris Thaxter of the BTO. All of the other subsections of this chapter were developed by
Normandeau Associates.

Target Detection Algorithm (Chapter 5)—In this chapter, we present a narrative description of the
development, testing, and evaluation process for the target (animal) detection algorithm(s) that were
developed for this project, and included along with this report as a deliverable, as per task 7 of the
contract. The original algorithms were developed by image processing software engineers at Boulder
Imaging, ground-truthed using the raw material from the manual review of experimental images that
were gathered during the Op House flight trials by the project team. The image capture during Op
House was also performed directly by Boulder Imaging personnel, and the manual image review
process was performed by Normandeau Associates’ image analysts at their image analysis laboratory
in Gainesville, FL, coordinated and supervised by Julia Willmott (see Table 2-1). The text of this
section was developed primarily by Jason Luttrell and Stephen Cluff of Boulder Imaging (software
development, section 5.2.2), Normandeau. The supplemental materials (Supplemental Volumes 11,
and 111) associated with this section include the target detection algorithms, produced by Boulder
Imaging, upon their pre-existing, proprietary Quazar software platform, a Quazar user’s manual,
produced by Boulder Imaging, and an image gallery, containing all of the images of animals
discovered in the Op House imagery that were of decent or better quality. The image gallery was
produced by Julia Willmott of Normandeau Associates (Supplemental VVolume 1).

Evaluation of Effectiveness of High-definition Aerial Image Gathering for Conducting Surveys of
Marine Birds, Turtles, and Mammals (Chapter 6)—This chapter corresponds to task 8 in the
contract, and presents a biological analysis of the effectiveness of aerial high-resolution imaging for
conducting offshore surveys of marine birds, mammals, and turtles for the purpose of characterizing
seasonal and annual patterns of distribution and abundance of these animals on the AOCS. This
chapter is divided into five subsections, as follows

Introduction (section 6.1) Normandeau Associates

Review of European Experience (section 6.2) Chris Thaxter, BTO.

Comparison of Digital and Visual Observer-based Methods for Surveying Birds, Turtles, and
Mammals in Marine Environments (section 6.3) Normandeau Associates.

Impacts of Selected High-resolution Imaging Parameters on Image Quality and Animal
Identification Capability (section 6.4) Normandeau Associates.

Taxonomic Guide to the Utility of High-resolution Aerial Wildlife Imaging Surveys on the
Atlantic Outer Continental Shelf (section 6.5) Normandeau Associates, and Mary Jo
Barkaszi, Continental Shelf Associates.
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Summary

Summary

We conducted a two-year study intended to develop and test high-resolution digital aerial imaging
survey methodologies in order to evaluate their effectiveness, and to provide protocols and other
tools for implementing this new methodology for the purpose of characterizing the seasonal and
annual patterns of abundance and distribution of marine birds, mammals, and sea turtles on the US
Atlantic Outer Continental Shelf (AOCS). Factors contributing to BOEM’s interest in this new
survey methodology include 1) significant and growing interest in offshore wind energy
development on the US AOCS, which necessitates broad scale environmental risk/impact studies
over this vast and difficult-to-access region; 2) scarcity of existing baseline data on birds, marine
mammals, and sea turtles on the US AOCS; 3) significant concerns regarding the safety, cost, and
data quality of conventional marine wildlife survey methodologies; and 4) pioneering high-
resolution aerial imaging studies in Europe, which suggest that this new methodology holds a great
deal of potential for providing the wildlife data needed to support the development of an offshore
wind energy industry.

The overarching conclusion of this study is that high-resolution digital aerial imaging does, indeed,
represent a safe, scientifically robust, and cost-effective solution to the offshore wildlife data
collection needs of BOEM and the US offshore wind energy industry. This conclusion is broken
down in terms of specific consideration of three criteria, as follows:

e Cost. High-resolution digital aerial imaging (aircraft based) survey costs are approximately
equal to or significantly less expensive than (vessel based) conventional, visual observer
based marine wildlife surveys. The cost savings of aerial surveys relative to vessel based is
most significant for large survey areas (> 150 km?), but this also holds for survey areas
roughly the size of single, commercial scale offshore wind energy facilities (= 150 km?),
primarily due to the slow speed of vessels compared with aircraft. These cost comparisons
are inclusive of the entire survey effort up to and including data analysis.

e Safety. Although vessel based surveys could be regarded as safer than aerial surveys, among
the more efficient and cost-effective aerial surveys, high-resolution digital aerial imaging
surveys are safer than are conventional, visual observer based aerial surveys. This difference
owes entirely to higher flight altitudes (450 to 1,000 m for digital, 50 to 150 m for observer
based), which allow more time for corrective response or escape of onboard personnel from
the vehicle in the event of aviation errors or aircraft malfunctions.

e Effectiveness. The advantages of high-resolution digital aerial imaging surveys over
conventional methods are most significant with respect to this criterion, though some
exceptions exist. Summaries of conclusions for different aspects of this criterion are listed
below:

o Digital methods yield more accurate density calculations, with one exception
= Counts not distorted by animals’ attraction to, or repulsion from vehicle—
direct methodological comparisons demonstrated that aerial visual observer
surveys miss 75% of sea turtles, presumably because most turtles dive prior
to being observed when aircraft fly at the lower altitudes required for visual
observation
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= Survey swath calculated precisely from image, not subject to observers’
error-prone distance estimations
= No observer swamping or search image effects
= Interobserver variability can be reduced through post-hoc multiple observer
quality assurance/quality control (QA/QC) image review
= Baleen whales may represent an exception, where rarity, long submersion
times, and long distance visibility of intermittent cues (blows, flukes,
breaches) may give visual observer based methods an advantage
o Digital methods using 2.5 cm image resolution or finer yield more reliable
determination of animals’ taxonomic identity among aerial survey methods, but
vessel based methods may retain an advantage for species-level determinations for
the most difficult to distinguish sets of taxa
= Determinations are made post-hoc in digital surveys, using a pre-observer
image archive, not requiring near-instantaneous judgments by observers
= Morphometric measurements of animals inform determinations
= Different images can be compared directly to one another
= Identification reference manuals can be consulted
= Multiple-observer QA/QC image review enables measurement of
agreement levels, consistency and reliability of determinations,
reduction or elimination of sources of observer error
= Vessel based visual observer methods are advantageous for the most difficult
species-level determinations, because vessel based observers may integrate
multiple live cues for identification, including sound, behavior, continuous
viewing for an interval of time, not available for aerial visual or image based
determinations.
= Taxonomic determination depth from images depends on image clarity, and
is generally only competitive with, or better than visual observer based
methods at image resolutions of 2.5 cm or finer, particularly 1.5 cm or finer

In addition to these broad, overarching summary conclusions, this study yielded two other types of
general outcomes. The first consists of a variety of more technologically oriented conclusions and
recommendations based on the technology-focused review and evaluation components of this study.
These elements are summarized in the “Summary of Technology Evaluation Components”
subsection below. The second consists of a variety of tools that were developed in order to facilitate
the implementation of aerial high-resolution wildlife imaging surveys on the AOCS. These elements
are summarized in the “Summary of New Tools for High-resolution Imaging” subsection below.

Summary of Technology Evaluation Components

Aircraft. The type of aircraft that is optimal for conducting offshore aerial high-resolution wildlife
imaging surveys may vary depending on the size of the area to be surveyed, and the regulatory
landscape for the use of unmanned aircraft systems (UAS). However, under most circumstances, a
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small, fixed wing aircraft will be the most cost-effective solution. The aircraft should possess a belly
hatch sufficiently large to accommodate the cameras and mounts described below, although external
mounting is also possible. The plane must be sufficiently large to safely and comfortably
accommodate all of the imaging system hardware plus three people (two pilots, one camera
operator). Lower accident rates, longer endurance, greater fuel efficiency, and widespread
availability are also important attributes. A number of commercially available fixed-wing manned
aircraft are evaluated and compared with respect to a wide range of suitability criteria in section 3.2.
Helicopters are significantly more expensive for an equivalent payload capacity and survey area, and
hence only potentially competitive for very small surveys. UAS represent a promising technology
for future applications, particularly because of the potential safety and cost benefits of unmanned
operation, but current US federal use restrictions and certification processes preclude feasible and
cost-effective use of UAS for conducting offshore aerial high-resolution wildlife imaging surveys

Cameras. The most suitable camera type for conducting offshore aerial high-resolution wildlife
imaging surveys is an area-scan camera, equipped with a high quality lens for optical magnification
sufficient to achieve image resolutions of 2.5 cm or finer (ideally 1.5 cm or finer). The use of
polarized light filters is not recommended, as such filters do not significantly improve image quality,
and because very fast exposure times require maximum use of available ambient light. The size of
the image, in megapixels, is an extremely important factor in optimal equipment selection. More
megapixels is better, as larger images enabling wider survey swaths for a given image resolution
level, or finer resolution imaging for a given survey swath width. The use of a mechanical shutter is
recommended for reducing image smear effects, and fast exposure times (generally less than the time
it takes for the aircraft to travel the distance of one pixel imaged on the water’s surface, equals 100
to 200 microsecond exposure times in our experiments) are essential for producing low blur images.
Line-scan cameras offer some advantages in terms of cost per megapixel and color definition of
images, but their increased sensitivity to vibrational effects relative to area-scan cameras
significantly limits their effectiveness.

Mounts. Gyrostabilization and in-flight camera angle adjustability are both essential requirements for
mounting high-resolution cameras in survey aircraft for conducting offshore aerial high-resolution
wildlife imaging surveys on the AOCS. Gyrostabilization significantly reduces vibrational effects,
improving image clarity and quality. In-flight camera angle adjustability enables in-flight sun glare
mitigation (directing the camera away from the sun’s reflection on the water’s surface), which is
essential on the US AOCS, where adjustable angle mounts roughly double the amount of low-glare
daylight survey time compared to any fixed angle mount. This is a distinct difference between the
US and the northwestern European areas where high-resolution imaging has been pioneered. In
northwestern Europe, higher latitudes and correspondingly lower angles of insolation reduce the
importance of adjusting camera angles in flight for sun glare mitigation. Internally mounted imaging
systems are preferable to externally mounted imaging systems because of increased protection from
moisture and increased operator access and adjustability during flight, although a wide range of
camera angles may be more difficult to achieve in internally mounted systems.

Optimal imaging configuration. Depending on the extent to which species-level identifications of
imaged animals is important, and depending on the visual and morphometric similarities among the
co-occurring species of interest in a given survey area, image resolutions of 2.5 cm or finer are
generally recommended, where image resolution is defined as the length of a side of a roughly

XV



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

square single image pixel on the surface of the water being imaged below the aircraft. Image quality
is not a simple function of image resolution; hence, many factors are important to consider when
selecting an optimal imaging configuration for offshore aerial high-resolution wildlife imaging
surveys (see above under Cameras). Optimal flight altitude will generally range from 450 m, which
is a general minimum to avoid distorting counts by disturbing animals, up to 1,000 m, above which
image quality degradation and interference due to clouds is likely to be unacceptable. We have
demonstrated that images of acceptable quality can be generated from flight altitudes as high as
1,000 m, which is likely to be useful as improvements in camera technology generate larger image
sizes, enabling wider imaging swaths. However, we also note that image quality generally degrades
with increasing flight altitude, because higher flight altitude imaging either entails coarser image
resolution for the same optical magnification, or higher optical magnification to achieve the same
image resolution as a lower altitude flight. Higher optical magnification may result in increased
image blur due to magnification of vibrational effects. Analysis of our experimental imagery
revealed that camera angles as acute as 44" away from straight down can be implemented without
significant degradation of image quality from pixel distortion. This suggests that effective protocols
can be implemented using higher flight altitudes and angled cameras to achieve wider survey swaths,
either by using multiple-camera mounts to generate wide composite-image survey swaths, or through
advancements in camera technology (increased image sizes) that enable high-resolution imaging of
wider swaths with one, or a few cameras.

Summary of New Tools for High-resolution Imaging

Automated animal detection algorithms. We generated two algorithms that can be used to automate
the detection of animals in high-resolution marine wildlife survey imagery. These algorithms were
both generated using Boulder Imaging’s Quazar software as a platform, and the algorithms,
themselves, as well as a Quazar user’s manual, are submitted as supplemental volumes
(Supplemental VVolumes I, 11, and I11) to accompany this report. One algorithm, the blob detector,
exclusively uses exposure contrasts to detect animals against the background of the ocean’s surface.
The other uses color-related attributes (hue, saturation, value) to discern animals and distinguish
them from a background of water. Based on our evaluation of the performance of these algorithms
on our experimental survey imagery, they should be regarded as preliminary versions, requiring
significant additional research and development before they constitute effective and operational tools
for automated image data processing. The blob detector is prone to high false negative rates (missed
animal detections), and the color-related algorithm is prone to high false positive rates (failure to
eliminate very many empty frames). Furthermore, significant improvement would need to be made
in processing speed in order for either or both of these algorithms to run in real time during imaging
surveys, which is necessary for large survey areas where complete capture of raw imagery is
precluded because of data volume constraints. Because of the labor effort entailed in manual image
data review, we conclude that an effective automated animal detection algorithm is an essential
ingredient for conducting cost-effective high-resolution marine wildlife imaging surveys,
particularly at spatial scales greater than the size of single commercial offshore wind energy projects.
We also conclude that quality control checks, consisting of manual review of subsets of survey
imagery to determine false positive and false negative rates of the automated animal detection
algorithms, are a vitally important component of conducting scientifically valid and robust marine
wildlife surveys using high-resolution aerial imagery.
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Summary

Protocols for conducting high-resolution aerial wildlife imaging surveys on the AOCS. We
developed protocols for conducting aerial high-resolution marine wildlife imaging surveys on the
AOCS, intended as a guide to the basic hardware, staffing, methodological, and budgetary
requirements entailed in conducting such surveys. These protocols describe the specific imaging
hardware, survey platform, survey pattern and frequency, task structure, labor breakdown by staffer
type, and annualized total costs under a variety of specified costing assumptions for complete
imaging survey studies extending from survey planning and design up to and including data analysis
and reporting. All of the recommended elements of these protocols were selected based on
optimizing safety and cost effectiveness for the anticipated scientific objectives of the study, based
on the reviews and evaluations of the different methodological components detailed in the other
sections of this report and the collective technical expertise of the project team. Surveys of
differently sized areas are likely to be driven by different scientific objectives with correspondingly
different data gathering requirements. These differences, in turn, dictate different optimal survey
protocols; hence, we developed three distinct protocols corresponding to three distinct spatial scales
that may be of interest, as follows:

1) AOCS scale. This protocol is intended to cover the entire federally regulated portion of
the US AOCS where offshore wind development is most desirable based on the wind
resources, and most plausible using existing turbine foundation technology. This area
extends from Maine to Florida, from the states’ seaward boundaries (generally 3 n.m.
from shore) up to the 30 m isobath, and measures 210,000 km?. At this scale, coarse
scale broad baseline data gathering objectives are most likely, which drove our selection
of semiannual survey frequency, 10% subsampling, and 2 cm image resolution. This
protocol was developed specifically for implementation using either of two existing US
federal government wildlife survey aircraft fleets. The estimated annual cost of
implementing this protocol is $1.9 to $2.2 million.

2) Regional scale. This protocol is intended to cover subsets of the whole AOCS region
described above corresponding to single BOEM planning regions (e.g., northeast,
midatlantic, southeast), or to the portions of the AOCS offshore of single states, or
consortia of states, measuring on the order of 25,000 km?. At this scale, data gathering
objectives are likely to be finer than at the AOCS scale, but still somewhat broad in
scope, along the lines of a regional baseline study. This drove our selection of quarterly
survey frequency, 10% subsampling, and 1 cm image resolution. This protocol was
developed assuming that a single charter aircraft would be used to conduct the surveys.
The estimated annual cost of implementing this protocol is roughly $880,000.

3) Project scale. This protocol is intended to cover individual, commercial scale offshore
wind energy facilities sited within the AOCS region described above, measuring on the
order of 150 km?. At this scale, data gathering objectives are likely to be more refined,
and compliant with individual leasing and permitting environmental risk/impact analysis
requirements. This drove our selection of 8 times per year survey frequency, 20%
subsampling, and 1 cm image resolution. This protocol was developed assuming that a
single charter aircraft would be used to conduct the surveys. The estimated annual cost of
implementing this protocol is roughly $370,000.

One plank on which all of the recommended protocols in this report rest, and a critical consideration
for any high-resolution offshore wildlife imaging survey protocol on the AOCS, is the avoidance of
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sun glare. Within the protocols chapter (Chapter 4), we describe a glare threshold, above which
images are rendered useless for animal detection. We determined this threshold based on analysis of
our experimental imagery, and we define it as a 67" angular deviation of the camera angle from the
glint spot, which is the camera orientation at which the camera would be pointed directly at the sun’s
reflection on the water’s surface at a given geoposition at a given moment in time. In section 4.2, we
demonstrate that using fixed camera angles, the amount of low glare daylight hours available for
surveys is heavily restricted on the US AOCS, but can be roughly doubled by using a mount that can
allow the cameras to be alternated between 44 rear tilt and 44 forward tilt in flight, with aircraft
flying transects alternating between east to west, and west to east. All of our protocols were
developed assuming that this particular mount configuration is used for sun glare mitigation. In the
protocols chapter (Chapter 4), we also present an originally developed glare mitigation planning tool,
consisting of a formula for calculating angular deviation from the glint spot (ADGS) for any
geoposition at any time, using easily accessible input data on solar position, flight direction, and
camera tilt.

Taxonomic guide to the utility of high-resolution aerial wildlife imaging surveys on the AOCS. A
final tool presented in this report is a guide to diurnal high-resolution aerial imaging data gathering
expectations and prospects for the bird, marine mammal, and sea turtle fauna of the US AOCS. This
guide is intended to inform readers about the specific taxa for which they should, and shouldn’t
expect to obtain useful data using high-resolution aerial imaging survey methodology, as well as
various behavioral and appearance factors of the animals that influence the nature and quality of the
data that can potentially be obtained. Although high-resolution aerial imaging survey data cannot
satisfy all of the data gathering requirements for birds, marine mammals, and sea turtles associated
with offshore wind energy development on the AOCS, the taxonomic breadth of the this technique is
a compelling and attractive feature. In the taxonomic guide, we identify 84 species of birds, 35
cetaceans, and five sea turtles, comprising all of the species in these groups that occupy any portion
of the region of interest for any portion of the year, for which high-resolution aerial imaging surveys
are expected to provide useful data. In many cases, the application of this new survey technique has
the potential to radically improve scientific understanding of the biology of these animals on the
AOCS. We excluded bird species such as most shorebirds and all songbirds that do not stop, rest, or
feed within marine environments, even if they may pass through the AOCS as migrants, because the
highly ephemeral occurrence of these species in this region renders effective image survey data
gathering unlikely.

XVviii



Table of Contents

Table of Contents

Preface and ACKNOWIEAgMENTS.........ccviiiiiiice e Vv
YU 114 = U2 RSO TI Xiii
LISE OF FIQUIES ..ottt XXiii
LISt Of TADIES ... XXXVl
Acronyms and ADDIEVIAtIONS..........cooeiiiiiiii s xliii
R | 011 oo [ Tox [ o OSSPSR 1
1.1  Study Context and BacCKground ...........cccccveieiiiieiiie e 1
1.2 Review of European Chronology of Transition to Digital Surveys and
Regulatory Acceptance of Digital Data for Offshore Wind Ecological Studies ........... 3
0 A (011 oo [0 od o] ISR PSTRSTI 3
1.2.2  Visual Boat-based Methods...........cccvuiiiiiiiiiiiiiisessee e 3
1.2.3  Visual Aerial-survey Methods............cooiiiiiieniiieeee e, 4
1.2.4  Context for Many Current Offshore Surveys in Europe: Renewable
BB Y s 4
1.2.5 High-resolution MethodS...........cceiiiiiiiiiie e 5
1.2.6  Regulatory Acceptance of Digital Methods ............cccooeiiininiiiiinicee, 6
2 Experimental Design and EXECULION.........ccccuevieiieireeiie e 7
P20 R 1o [FTox o] OSSR USROS 7
2.2 Manned Aircraft System (Operations House EXPEriments) .........cccoeverenenennnenieennns 7
2.2.1  Equipment Selection, System Construction, and Pretesting ............c.ccceeveunenne. 7
2.2.2  Op HOUSE PEISONNEL ..ottt 12
2.2.3  Op HOUSE VENICIES ...ttt 13
2.2.4  Op House Food and ACCOMOCALIONS...........cceririerieieieie e 14
2.2.5 Op House Fieldwork Preparation .............ccceovevveiieeseeiesie e se e 15
2.2.6  Operations House Execution, Experimental, and Control Trials
(0707 0T [1 01 (< APPSR 16
2.3 Unmanned AIrCraft SYSTEM......co.oiiiiiiiiiieeee e 30
2.3.1  EXperimental DESIQN .....ccccveiuiiiiieiie ettt 30

XiX



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

2.3.2  System Construction and Pretesting—January to August 2011,

GaiNESVIIE, FIOMAA ...eceeiiiiiec e 30

2.3.3  Flight Trials CondUCTEd..........cccveiiiiiiiie e 37

3 Technical Analyses and Evaluations............ccccocveiieiiiiie v 53
X T8 A 101 oo L1 T [ o PSPPSR 53
3.2 AIrCraft EVAlUBLION.......coiiiiiiiee e 54
32,1 INEFOTUCTION Lttt sttt e sneenreas 54

3.2.2  Manned Aircraft EValUAtIoN ..........ccoeieiiieiiiinineneie e 54

3.2.3  Unmanned Aircraft System (UAS) Evaluation ..........cccccevvvereiinninnnninnnns 69

3.3 Camera and Mounting System Evaluation .............cccccveveiiiiiiicseese e 77
K J0C 200 R 1011 oo [0 Tox [0 o ISR 77

3.3.2  Evaluation of Imaging Systems for Manned Aircraft ............cccccoevveieiiennn, 78

3.3.3  Unmanned AIrcraft SYSIEM .......cooiiiiiiiiiieiee s 115

3.4 Camera Control and Calibration ProCEAUIES ..........ccceeeririnierierieie e 125
K 20t N 1011 oo [0 Tox T o ISR 125

3.4.2  Manned AIrcraft SYSteM........ocoeiieii i 125

3.4.3  Unmanned AIrcraft SYSIEM .......ccooiiiiiiiiie s 131

3.5  Evaluation of Onboard Data Recording SYStems ..........cccccevvveviivieiieesecse e 137
28200 R 1011 oo [0 Tox 1 To o ISR 137

3.5.2  Manned AIrcraft SYSteM.........ccoiieiiie e 137

3.5.3  Unmanned AIrcraft SYSIEM ........coooiiiiiiiiiiiee s 140

4 Protocols for Conducting High-resolution Wildlife Imaging Surveys in
Support of Offshore Wind Development on the Atlantic Outer

Continental Shelf ..o 141
A 101 7o L1 T oo OSSPSR 141
4.2  Mitigating Glare in IMaging SUIVEYS ........ccouiiiiieieriiiesie e 141
421 INIFOAUCTION .ot 141
4.2.2  Empirical Basis OF ANAlYSIS ........cccciiiiiiiiiiiieieeee e 142
4.2.3  Glare Threshold CharaCterization............ccccceeiieieiiienieeniee e 143

4.2.4  Impact of Glare Level on Animal Detection: Defining the Glare
TRIESNOIA ... 145
4.2.5 Relationship between Camera/Sun Angles and Glare...........c.ccocvvvivnvenne. 149

XX



Table of Contents

4.2.6  Glare Mitigation In Survey Design as a Function of Angular

Deviation from the GIINt SPOt.........cooeiiiiiiiiiie e, 153

4.2.7  Applying the Glare Threshold in Survey Protocol Design...........cccccccveeniee. 156

4.2.8  Summary and CONCIUSION.........coiiiiiiiiiieic e 168

4.3  Analysis and Study Design Considerations based on European Experience............. 169
0 R 101 oo L1 T £ o] o OSSPSR 169

4.3.2  SUIVEY DESIQON ISSUES.......oiieeiiiieiiieiie ettt 169

4.4  Aerial High-resolution Wildlife Imaging Survey Protocols.............ccccoviniiinnenen, 176
441 INIFOAUCTION .ottt 176

4.4.2  TAXONOMIC SCOPE ...cvviueenriiesiesieste ettt ettt sttt b bbb 178

4.4.3 Target Detection SOftWAre..........cccvevviiiiiieeie e 178

4.4.4  Three-scale APPrOaCh.......cccoiiiiiiiiieee e 178

445 Protocol Elements Common to All Three Scales........ccocvvveiiiiiiieiiniinnnenn, 180

4.4.6  Scale-specific Protocol EIEMENtS .........cccooiiiiiiiiiiice e 195

5 Target Detection AlQOrithm.........ccccvoiieiii i 231
TR A 111 oo [FTox o] ST UR R PRP 231
5.2  Algorithm Development, Testing, and Evaluation Narrative ...........ccccccoecvvvervennne 232
5.2.1  INFOUUCTION w.ouviivieiieieiie ettt sttt 232

5.2.2  Software Development, Testing, and Final Performance Evaluation .......... 234

6 Evaluation of Effectiveness of High-definition Aerial Image Gathering

for Conducting Surveys of Marine Birds, Turtles, and Mammails............... 245
TR A 111 oo [FTox o] ST URSP 245
6.2 Review of EUropean EXPErieNCE........ccii it 247
6.2.1 Effectiveness of High-resolution Imaging for
Detection/Quantification of Marine Wildlife ...........cccccovviieiiiii e 247
6.2.2  Effectiveness of High-resolution Imaging for Taxonomic
Identification of Marine Wildlife ..........ccccooviiiiii e 248
6.3 Comparison of Digital and Visual Observer-based Methods for Surveying
Birds, Turtles, and Mammals in Maring EnVironmentS........cccocvvevveeeiiiieieee e e 249
6.3.1  ADSIIACE.....eitiiiiiie et 249
LCTRC 7 1011 oo [0 Tox 1 To o ISR 250
6.3.3  MELNOAS ... s 252

XXi



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

6.3.4  RESUILS ..ot 258
TR BT B T [Tl 1 1] (o] o ST SP R 263
6.4 Impacts of Selected High-resolution Imaging Parameters on Image Quality and

Animal Identification Capability ..o 270
6.4.1  INIFOUUCTION ..o.viiviiiieiecie ettt bbbt 270
6.4.2  Qualitative COMPAIISONS .......ccviieieieieiie ettt 271
6.4.3  Quantitative COMPAIISONS .......cveieerieiierieeieseeseesie e sreesae e sreesee e e neeenes 280

6.5 Taxonomic Guide to the Utility of High-resolution Aerial Imaging Surveys on
the Atlantic Outer Continental Shelf (AOCS) ........ccceieiieiiccececee e, 292
LG TR 700 R 1011 0o [0 Tox o] o ISP 292

6.5.2  Description of Terms, Categories, Scores, and Scoring Criteria within
LTI\ SO PRTRR 301
6.5.3  Relative Sensitivity to Platforms............ccccceoveiiiiii i 304
7 LITErature CIted......ccce ittt 307

XXii



List of Figures

List of Figures

Figure 2-1.

Figure 2-2.

Figure 2-3.

Figure 2-4.

Figure 2-5.

Figure 2-6.

Figure 2—7.

Figure 2-8.

Figure 2-9.

Figure 2-10.

Figure 2-11.

Low frequency vibration isolation components mount ring and vibration
isolation coils (top left), camera mount plate, isolation coils, and mount ring
(top right), and protective cover plate for mount enclosure (bottom) prior to
installation on aircraft for Operations House imaging experiments. ............c......... 8

Image of airplanes on tarmac at Raleigh NC taken during integration testing
prior to Operations House with line-scan camera, showing vibration effect.
Some amelioration of this effect was achieved at the end of the Operations
House experimentation period using a gyroscopic stabilizer (see section 3.3). ..... 9

Installation of camera mount system on the Cessna 337 Skymaster in Raleigh
NC prior to Operations House, showing external airframe reinforcement
plates and camera mount attachment bolts (top left), camera interior in
preparation for mount installation (top right), inner mount axle and support
strut (middle left), and fully installed mount with windshield (middle right),
rear view of fully installed mount system with two mounted cameras (bottom
left), and gyroscopic stabilizer installed during final week of Operations

House experimental flights (bottom right).........cccooeiiiiiiiiiii 10
Cessna 337 Skymaster Undergoing Modifications in Hanger at Sanford-Lee
County Airport, North Carolina, May 2011.........ccccoociiiniiinieiceeee e 11
The rental property A Little R&R in Oak Island NC served as Op House base
(070] 001 1 0 Lo OSSOSO 14

Animal observer crew boarding Voyager for a survey operation during
OPEratiONS HOUSE. .....eevieriieiiesiieie sttt et sreesreeneesneenreaneeas 17

Bird and marine mammal observers receiving safety training and orientation
from pilot before boarding the visual observer plane during Operations
HOUSE. ettt b et re e 18

Operations House camera plane showing camera mount oriented at 44°angle.... 19

Area of boat and plane operation for Operations House image gathering
experimental trials and associated control surveys conducted 10 to 20 May

2000 bt Rttt b ettt e et et reerenrens 20
Survey route planning meeting at Operations House base command among
boat captain, pilots, and biological survey manager. ...........cccccoeevvereivieieeireennnn, 20

Screen shot of image analysis computer during initial image reviews
conducted during Operations House using Quazar software. Images (at right)
were visually scanned for animals (e.g., Laughing Gull shown in image), and
then accompanying text files (at left) were annotated to mark locations of
photographed animals. ... 30

XXiii



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 2-12.

Figure 2-13.

Figure 2-14.

Figure 2-15.

Figure 2-16.

Figure 2-17.

Figure 2-18.

Figure 2-19.

Figure 2—20.

Figure 2-21.

Figure 2-22.

Figure 2-23.

Figure 2-24.

Figure 2-25.

ISO 12233 test image photographed with the UAS-based imaging system
during laboratory pretesting, using a variable focus lens (24 mm setting) with
ISO 4.0, ottt ne e 32

ISO 12233 test image photographed with the UAS-based imaging system
during laboratory pretesting, using a variable focus lens (104 mm setting)
WILh ISO 4.0, ..ottt re e enes 32

ISO 12233 test image photographed with the UAS-based imaging system
during laboratory pretesting, using a variable focus lens (24 mm setting) with
ISO 22.0. ittt sttt bt e e 32

ISO 12233 test image photographed with the UAS-based imaging system
during laboratory pretesting, using a variable focus lens (104 mm setting)

WILh ISO 22.0. 1.ttt sttt sre e eneas 33
Image capture system with DC power supply, prior to installation in aircraft
TOr FIEI TESTING. ... 33

Block diagram of system components for automated image capture and
aircraft command and control in the UAS-based high-resolution imaging
V] (=] 10 TP P RPN 34

Lake Renegade manned aircraft flown over Lake Santa Fe near Gainesville
FL during stage 1 flight testing of the imaging system developed for UAS-
based aerial high-resolution imaging surveys, September 2011.............cccccvenee. 38

A sample image of the surface of Lake Santa Fe FL taken during stage 1
flight testing of the imaging system developed for UAS-based deployment,
SEPLEMDEN 2011, ..o re e 39

A sample image of the water and shoreline of Lake Santa Fe FL taken during
stage 1 flight testing of the imaging system developed for UAS-based
deployment, September 2011........ccoiviieeeciee e 40

Pelican aircraft at flying field in Gainesville FL during stage 2 flight testing,
SEPLEMDEN 2011, ..oiiiiiee ettt re e 41

Eight sample images of the ground surface near Gainesville FL taken during
stage 2 flight testing of the imaging system developed for UAS-based
deployment, September 2011.........c.covviiiiieieece e 42

Composite image of the ground surface near Gainesville FL, created by
stitching together four separate images taken during stage 2 flight testing of
the imaging system developed for UAS-based deployment, September 2011..... 43

Sample screenshot from the ground control station (GCS) interface used
during stage 3 flight testing of the UAS-based high-resolution imaging
system at Camp Roberts CA, October 2011, .......cccovvievveieieere e 44

Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =
513 M QL et 45

XXV



List of Figures

Figure 2-26.

Figure 2-27.

Figure 2-28.

Figure 2-29.

Figure 2-30.

Figure 2-31.

Figure 2-32.

Figure 3-1.
Figure 3-2.
Figure 3-3.

Figure 3-4.

Figure 3-5.

Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =
272 M AGL e e e e ae s 46

Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =
436 m agl. The black and white image quality evaluation target is visible just
below the runway in this image. The dimensions of the target are 457 x 366

(611 PO PP PR PPPPRPPPPR 47
Flight elevation profile for a stage 3 test flight of the UAS-based imaging
system conducted at Camp Roberts CA during October 2011. ........ccccccvvveiiennnne 48

Image of the water’s surface of the Gulf of Mexico near Cedar Key FL, taken
during stage 4 flight testing of the UAS-based imaging system, January to
February 2012. Flight altitude =80.5magl. .....c..cccovivieiieiece e 49

Image of a boat and the water’s surface of the Gulf of Mexico near Cedar
Key FL, taken during stage 4 flight testing of the UAS-based imaging
system, January to February 2012. Flight altitude = 141.5magl......c..ccccccevvennnne 50

Image of shallow water in the Gulf of Mexico near Cedar Key FL, with the
shallow sea floor visible below the water’s surface, taken during stage 4
flight testing of the UAS-based imaging system, January to February 2012.
Flight altitude =83.1 M agl.......ccooiiiiiii s 51

Flight elevation profile for a stage 4 test flight of the UAS-based imaging
system conducted over the Gulf of Mexico near Cedar Key FL, during

January to February 2012..........coovoiiie i 52
Boeing-Insitu ScanEagle taking flight from launcher onboard a ship................... 72
Cessna 337 Skymaster with side mounted camera System. ...........cccccvevvereeieennnns 93

Loggerhead Sea Turtle (Caretta caretta)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.
This image has a resolution of 1.5 cm and was taken from a survey flight
AltItUdE OF 600 M. ...t et 96

Royal Tern (Thalasseus maximus)—Image captured by a gyrostabilized high-
resolution area-scan camera mounted externally to a Cessna 337 Skymaster
aircraft during experimental imaging flights conducted by the project team 10
to 20 May 2011 offshore of Oak Island NC. This image has a resolution of
1.5 cm and was taken from a survey flight altitude of 600 m............cccccceeiieennns 97

American Oystercatchers (Haematopus palliatus)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.

XXV



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 3-6.

Figure 3-7.

Figure 3-8.

Figure 3-9.

Figure 3-10.

Figure 3-11.

Figure 3-12.

Figure 3-13.

This image has a resolution of 1.5 cm and was taken from a survey flight

altitude OF 600 M. .o

Immature Northern Gannet (Morus bassanus)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.
This image has a resolution of 2.5 cm and was taken from a survey flight

altitude OF 1,000 M. coceeiiiicicie e e

Magnificent Frigatebird (Fregata magnificens)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.
This image has a resolution of 1.5 cm and was taken from a survey flight

AU OF 433 M o

Probable Audubon’s Shearwater (Puffinus Iherminieri)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.
This image has a resolution of 1.5 cm and was taken from a survey flight

AU OF 425 M. oo

Wilson’s Storm-Petrel (Oceanites oceanicus)—Image captured by a
gyrostabilized high-resolution area-scan camera mounted externally to a
Cessna 337 Skymaster aircraft during experimental imaging flights
conducted by the project team 10 to 20 May 2011 offshore of Oak Island NC.
This image has a resolution of 1.0 cm and was taken from a survey flight

AU OF 450 M. oo,

Osprey (Pandion haliaetus)—Image captured by a gyrostabilized high-
resolution area-scan camera mounted externally to a Cessna 337 Skymaster
aircraft during experimental imaging flights conducted by the project team 10
to 20 May 2011 offshore of Oak Island NC. This image has a resolution of

1.5 cm and was taken from a survey flight altitude of 433 m..........c.cccoeneen.

Common Tern (Sterna hirundo)—Image captured by a gyrostabilized high-
resolution area-scan camera mounted externally to a Cessna 337 Skymaster
aircraft during experimental imaging flights conducted by the project team 10
to 20 May 2011 offshore of Oak Island NC. This image has a resolution of

1.0 cm and was taken from a survey flight altitude of 450 m.............ccocoveeeee.

Image of a bird from aerial imaging experiments conducted between 10 and
20 May 2011 offshore of Oak Island NC. This image was produced using a
nonstabilized area-scan camera, with a 1,000 m flight altitude and image

resolution of 2.5 CM (SEE TEXL)....ccuieiii it

Image of a bird from aerial imaging experiments conducted between 10 and
20 May 2011 offshore of Oak Island NC. This image was produced using a

... 98

. 99

.. 100

. 101

.. 102

XXVi



List of Figures

Figure 3-14.

Figure 3-15.

Figure 3-16.

Figure 3-17.

Figure 3-18.

Figure 3-109.

Figure 3-20.

gyrostabilized area-scan camera, with imaging parameters otherwise identical
to that used in Figure 3-12 above (1,000 m flight altitude and image
resolution of 2.5 cm). The increased sharpness of this image compared with

Figure 3—-12 illustrates the importance of gyroscopic stabilization. .................

Image of water from aerial imaging experiments conducted 10 to 20 May
2011 offshore of Oak Island NC with a digitally magnified portion of the
image shown in the inset in the upper right. This image was taken during

relatively high light conditions in the early afternoon. ............cccccoiiiinennnne

Image of water from aerial imaging experiments conducted 10 to 20 May
2011 offshore of Oak Island NC with a digitally magnified portion of the
image shown in the inset in the upper right. This image was taken during
relatively low light conditions in the early evening. The reduced image
quality of this image compared with Figure 3-14 can be seen in the

graininess and color distortion visible in the inset (see text). ........ccocvvvrvrnnnnns

Image of boats and docks from aerial imaging experiments conducted 10 to
20 May 2011 offshore of Oak Island NC, showing image smearing effects
(whitish vertical streaks in the image). These streaks are an artifact of
residual light being let in by the mechanical shutter during digital frame
readout and can be eliminated in future applications by using a faster

mechanical shutter than was used (SE€ tEXL). ......ccvvvririiririieee e

Image of a boat and dock taken during aerial imaging experiments conducted
between 10 and 20 May 2011, near Oak Island NC. In this image, a 1,200
mm focal length lens is used to provide high magnification to achieve the

desired image resolution level (2 cm) at high flight altitude (1,200 m). ..........

Image of the same boat and dock as in Figure 3-17, from aerial imaging
experiments conducted between 10 and 20 May 2011 near Oak Island NC. In
this image, a shorter (600 mm) focal length lens is used in order to achieve
the same image resolution level as in Figure 3-17 (2 cm) at a lower flight
altitude (600 m). The increased sharpness of this image relative to Figure 3—
17 illustrates the increased image blur that can occur with increased image

MagNIfiCation (SEE tEXL)......cvciieii i

Image of a parking lot taken using the line-scan camera on an unstabilized
mount (see text) during initial testing flights near Raleigh NC during the first
week of May 2011. The waviness in the image illustrates the sensitivity of

line-scan cameras to vibrational effects (See text). .......ccovvrvrieieieieic i

Image of a boat and dock from aerial imaging experiments conducted 10 to
20 May 2011 offshore of Oak Island NC taken with the line-scan camera.
The duplicated portions of the boat and dock are caused by vertical vibration
effects in the camera/mount, and would result in data loss in the case of

wildlife Imaging SUrVeYs (SEe tEXL). ...cccueivieiieii e

.. 106

.. 107

.. 107

.. 108

111

.. 113

. 114

XXVii



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 3-21.

Figure 3-22.

Figure 3-23.

Figure 3-24.

Figure 3-25.

Figure 3-26.

Figure 3-27.

Figure 3-28.

Figure 3-29.

Figure 3-30.

Camera and enclosure (left), passive vibration isolator (center), and enclosure
with isolators (right) used for UAS-based aerial imaging experiments (see

102 TSRS

Shoreline image taken over Lake Santa Fe FL, at 363 m flight altitude using
the imaging system designed for UAS-based testing mounted within a
manned, fixed wing aircraft during preliminary flight tests conducted during
1 to 4 September 2011. Red boxes are drawn around two red buoys, shown

enlarged iN FIQUIE 3—23. ...

Enlargements of the image presented in Figure 3-22, showing the two buoys
captured within the image (left, center) along with an illustration of what the
buoys look like (right). The buoys are roughly 68 cm in diameter, and the
image resolution is approximately 2.5 cm—illustrating marginally suitable

image resolution and quality obtained by the imaging system. ...........c.cc.........

Over water image taken over Lake Santa Fe FL at 322 m flight altitude using
the imaging system designed for unmmanned aircraft system-based testing
mounted within a manned, fixed wing aircraft during preliminary flight tests
conducted during 1 to 4 September 2011. A red box is drawn around a Black

Vulture, shown enlarged in FIQUre 3—25........cccoiiiiiiiiinieeee e

Enlargement of the image presented in Figure 3—24, showing a flying Black
Vulture captured within the image. Calculations based on the known size
ranges of Black Vultures and the known magnification of the image revealed
that this bird was flying at approximately 235 m agl, only 87 m below the
aircraft, hence the high quality of the imaged vulture is not necessarily

indicative of the quality of animals imaged at, or near, the water’s surface.....

Image taken during UAS-based imaging flight tests conducted during the
week of 3 October 2011 at Camp Roberts CA, from a flight altitude of 272 m
agl. A red box is drawn around a black and white image calibration object,
located on the ground just above the runway in the image. An enlargement of

this object is ShOWN iN FIQUIE 3-27. .....ccvooieieeececeee e

Enlargement of a portion of the image from Figure 3-26, showing the
calibration object which measured 457 x 366 cm. The resolution of this

image is approxXimately 2.5 CM. ..o

Image taken during unmanned aircraft system-based imaging flight tests
conducted during January to February, 2012 in the Gulf of Mexico near
Cedar Key FL, at a flight altitude of 80.5 m. A red box is drawn around an
object in the water that is possibly a Bottlenose Dolphin, shown enlarged in

FIQUIE 329, e

Enlargement of a portion of the image in Figure 3-28, showing a possible

Bottlenose Dolphin. Image resolution = 2.5 CM. .......ccccvevviieiiece e,

Image taken during unmanned aircraft system-based imaging flight tests
conducted during January to February, 2012 in the Gulf of Mexico near

.. 116

117

.. 118

.. 120

.. 120

. 121

. 121

XXviii



List of Figures

Figure 3-31.

Figure 3-32.

Figure 3-33.

Figure 3-34.

Figure 3-35.
Figure 3-36.
Figure 3-37.
Figure 3-38.
Figure 3-39.
Figure 3-40.

Figure 3-41.
Figure 3-42.
Figure 3-43.
Figure 3-44.

Figure 4-1.

Cedar Key FL, at a flight altitude of 141.5 m. A red box is drawn around the
unmanned aircraft system launch-recovery vessel, shown enlarged in Figure

Enlargement of a portion of the image in Figure 3-30, showing the
unmanned aircraft system launch/recovery vessel. Image resolution = 4.38

Image taken during unmanned aircraft system-based imaging flight tests
conducted during January to February, 2012 in the Gulf of Mexico near
Cedar Key FL at a flight altitude of 64.9 m. A red box is drawn around a
flying bird, shown enlarged in Figure 3-33. ...t 123

Enlarged portion of the image in Figure 3-32, showing an image of a flying
bird. Image resolution IS 2.01 CM.......ciiiiiiiiieieeee e 123

Image taken during unmanned aircraft system-based imaging flight tests
conducted during January to February, 2012 in the Gulf of Mexico near
Cedar Key FL at a flight altitude of 69.8 m. A red box is drawn around a

flying bird, shown enlarged in Figure 3-35. ... 124
Enlarged portion of the image in Figure 3-34, showing an image of a flying
bird. Image resolution IS 2.19 CM.......cccuiiiiieiiieee e 124
Diagram of the Boulder Imaging control system used in the manned aircraft
)T (=] 1 OO PT PR ORI PRR PPN 126
Calibration images collected with camera payload for unmanned aircraft
system-based IMAagINg SYSTEM. .......oiuiiiiiiirieieie e 132
Grid corner extraction performed by the camera calibration code for the
unmanned aircraft system-based SYSteM. ..........cocviiiiiiiiiiice e 133
A three-dimensional plot of the position of the grids relative to the camera
[T [0 o TSSOSO 133
Graphic depicting how radial and tangential distortion can affect the position
OF @ POINT IN BN TMAGE. ...t 135
Complete distortion model (radial + tangential)...........ccccoooeiveiiiiiiicceccc, 135
Tangential component of the distortion model. ..o 136
Radial component of the distortion model................ccooiiiiei e, 136

A diagram of the imaging system used onboard the unmanned aircraft,
showing data transfer process and data recording System. .........ccccceevvevvevieennene 140

Images of the water’s surface taken during experimental offshore aerial
imaging transect survey segments conducted 10 to 20 May 2011 off of Oak
Island NC illustrating a complete spectrum of glare levels from 0 through 10
(see text and Table 4-1). Glare levels are reported in the bottom left corner of
BACKN TrAME. .. et bbb 144

XXiX



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 4-2.  Distribution of glare level scores in 180,718 images recorded during
experimental offshore aerial imaging transect survey segments conducted 10
to 20 May 2011 off of Oak Island NC. See text and Table 4-1 for glare score
0[] a0 41RO 145

Figure 4-3.  Distribution of frames in which animals were detected as a function of glare
level, for 180,718 images recorded during experimental offshore aerial
imaging transect survey segments conducted 10 to 20 May 2011 off of Oak
Island NC, and subsequently manually reviewed for animals. See text and
Table 4-1 for glare score definitions. See section 5.2 for description of
manual review methodolOgy. .......coueiieiiiiiiie i 146

Figure 4-4.  Distribution of animal detection rates (frames with animals detected per
1,000 frames reviewed) as a function of glare level, for 180,718 images
recorded during experimental offshore aerial imaging transect survey
segments conducted 10 to 20 May 2011 off of Oak Island NC and
subsequently manually reviewed for animals. See text and Table 4-1 for
glare score definitions. (See section 5.2 for description of manual review
methodology.) The red line is an exponential regression line characterizing
the observed inverse relationship between animal detection rate and glare
level, whose equation and r? level are presented in the box above the line......... 147

Figure 4-5.  Angular deviation from the glint spot (ADGS) can be calculated using
spherical geometry for any given combination of the four angular input
variables as the dot product of two vectors: the first vector is the line from
the origin to the glint spot and second is the line from the origin to target
(where the camera is pointing). The product of the two x coordinates plus the
product of the two y coordinates plus the product of the two z coordinates is
the cosine of the angular difference between two points, hence the ADGS is
the arccosine of the dot product of the two vectors. The formula for
calculating ADGS is given below (formula developed with the assistance of
Drs. R. Scott Schappe, Department of Physics, Lake Forest College and N.
White, Department of Mathematics, University of Florida)..............cccccovnenene. 153

Figure 4-6.  Illustration of solar elevation, as conventionally defined to describe solar
position, and solar elevation with respect to vertical, or Eg, as defined in this
study and in the ADGS formula presented above. Graphic designed by Dr. R
S. Schappe, Department of Physics, Lake Forest College. ........c.cccevvevveiieinnnen. 154

Figure 4-7.  Relationship between angular deviation from the glint spot (ADGS) and
average image glare level for 48 imaging transect survey segments conducted
10 to 20 May 2011 off of Oak Island NC. Each point represents a single

tranNSECt SUMVRY SEOMENL. .....vvieiiiie it etie et ee et e e e e nneeennes 155
Figure 4-8.  Central location of four study areas in the Atlantic Outer Continental Shelf

(AAOCS). ittt ettt r ettt st ereareereas 157
Figure 4-9. Illustration of camera angle relative to sun for survey protocol simulations

with adjustable camera mount for maximum glare mitigation. This graphic

XXX



List of Figures

represents an eastbound flight in morning with the camera in one of its two
positions: 45 tilt (45 elevation) and 180" azimuth relative to aircraft
orientation (rear-directed). For an eastbound flight, this results in a camera
azimuth of 270" (WESE-I00KING). .........cvevereeeeeeeeseeeeeee s ereee e 164

Figure 4-10. Illustration of camera angle relative to sun for survey protocol simulations
with adjustable camera mount for maximum glare mitigation. This graphic
represents a westbound flight in morning with the camera in the other of its
two positions (first position illustrated in Figure 4-9) as follows: 45 tilt (45
elevation) and 0 azimuth relative to aircraft orientation (fore-directed). For a
westbound flight, this results in a camera azimuth of 270" (west-looking). ....... 165

Figure 4-11. Comparison of total suitable imaging hours available for aerial surveys at
four locations on the Atlantic Outer Continental Shelf (ME, MA, MD, and
NC) on four calendar dates that span the annual variation in solar angles,
under three different simulated camera mounting scenarios (see text). In all
cases, the third camera mounting scenario (adjustable 45" tilt) results in
substantial gains in available survey time. In this scenario, the mount can be
alternated in flight between fore-directed and rear-directed orientations, both
with 45 tilt, to point the camera away from the sun’s reflection. Gains are
most significant during non-winter months. ...........ccccceev v, 168

Figure 4-12. Hypothetical survey using visual-based aerial methods (1,000 m either side
OF @IFCIATL). ..oveeee e e 171

Figure 4-13. Digital survey swathes along same transects as in Figure 4-12. In this
example, a value of 300 m is used as an example based on UK and European

BXPEITEICES. ...ttt etttk sk bbbt b bbbt b bttt n bbb b s 172
Figure 4-14. Hypothetical example of video subsampling..........ccccccevveviiieiii i, 173
Figure 4-15. Hypothetical example of still image grid-based approach.............ccccocenirinnnn. 173

Figure 4-16. Alternating transects pattern with A transects covered on day 1 and B
transects covered on day 2 to enable full target coverage of the zone................ 175

Figure 4-17. Potential wind resource areas in Atlantic Outer Continental Shelf (AOCS).
The green area is the total area of interest for the protocols presented in this
section, defined by BOEM regulatory jurisdiction and developability for
offshore wind using current teChnology. .......ccccceviiiiiiiiiice 177

Figure 4-18. ICL/IGV-B6620C-KF0 29 megapixel camera recommended for use in the
high-resolution aerial wildlife imaging survey protocols presented in this
CRAPTET . ..t 181

Figure 4-19. Sigma APO 120-300 mm F2.8 EX DG OS HSM lens and tele-converter
recommended for use in the high-resolution aerial wildlife imaging survey
protocols presented in this chapter. The use of the teleconverter may not be
optimal in many cases because of the potential to exacerbate vibrational
EFFECLS (SEE TEXL). weieiiiiii ettt 182

XXX



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 4-20.

Figure 4-21.

Figure 4-22.
Figure 4-23.
Figure 4-24.

Figure 4-25.
Figure 4-26.

Figure 4-27.

Figure 4-28.

Figure 4-29.

Example of a typical camera port in the belly of a small aircraft. The yellow
area, internal to the camera hatch, represents the distance between the
internal floor of the cabin and the external skin of the aircraft, which can
constrain available camera angles (SEe teXt). .......ccovveieriirieire s

Cabin view of a 6-inch diameter tubular type camera port (indicated by the
yellow arrow). This type of camera port would not be sufficient for
conducting the aerial imaging survey protocols described in this report (see
102 TSP URSPURTRRRRS

Zeiss Jena LMK 2000 mapping camera mounted in a Cessna 206. ..............
T-AS gyrostabilized SUSPENSION MOUNT. .........coooviiiiiiiciee e

An example of a custom designed and fabricated by Gyromounts.com, gyro-
stabilized camera mount similar to one that is envisioned for the high-
resolution offshore wildlife imaging protocols presented in this chapter......

Potential wind resource areas in Atlantic Outer Continental Shelf (AOCS).

Aircraft selected for AOCS-scale high-resolution offshore aerial wildlife
imaging survey protocols: a) Kodiak 100, the survey aircraft owned by the
USFWS and currently used for continental-scale, visual observer-based
waterfowl surveys, b) De Havilland Twin Otter, the survey aircraft owned by
NOAA-NMFS and currently used for large-scale, visual observer-based
marine wildlife surveys, and c) the belly hatch on a De Havilland Twin Otter
aircraft where cameras could be mounted for high-resolution imaging
surveys. Kodiak 100s do not have a camera hatch, and would need to be
modified and camera hatches installed for the aircraft to be suitable for
conducting offshore wildlife imaging SUNVEYS.........cccceovreneieneninecieee,

Total area surveyed in the AOCS-scale high-resolution wildlife imaging
survey protocol, divided into four differently colored regions corresponding
to the portions of the total region covered by each of the four imaging aircraft
envisioned in this ProtoCOL. ..........cooiiiiiiiiie e

Survey area (dark blue) and general survey pattern of the northernmost of
four aircraft engaged in the Atlantic Outer Continental Shelf (AOCS)-scale
high-resolution wildlife imaging survey protocol. The red arrows indicate the
general structure of individual flight transects; however, they do not illustrate
the actual transect pattern, which entails 227 individual flight segments
spaced at even, 2.64 km increments along this 600 km span of the total
AOCS survey area (Table 4—12). ...

Survey area (purple) and general survey pattern of the second of four aircraft
engaged in the Atlantic Outer Continental Shelf (AOCS)-scale high-
resolution wildlife imaging survey protocol. The red arrows indicate the
general structure of individual flight transects; however, they do not illustrate
the actual transect pattern, which entails 186 individual flight segments

..... 184

..... 185
..... 186
..... 187

..... 188
..... 196

..... 201

..... 202

XXXii



List of Figures

spaced at even, 2.64 km increments along this 490 km span of the total
AOCS survey area (Table 4—13). ..o 205

Figure 4-30. Survey area (dark blue) and general survey pattern of the third of four aircraft
engaged in the Atlantic Outer Continental Shelf (AOCS)-scale high-
resolution wildlife imaging survey protocol. The red arrows indicate the
general structure of individual flight transects; however, they do not illustrate
the actual transect pattern, which entails 231 individual flight segments
spaced at even, 2.64 km increments along this 610 km span of the total
AOCS survey area (Table 4—14).......cccoieiieie e 207

Figure 4-31. Survey area (dark blue) and general survey pattern of the fourth of four
aircraft engaged in the AOCS-scale high-resolution wildlife imaging survey
protocol. The red arrows indicate the general structure of individual flight
transects; however, they do not illustrate the actual transect pattern, which
entails 227 individual flight segments spaced at even, 2.64 km increments
along this 600 km span of the total AOCS survey area (Table 4-15). ............... 210

Figure 4-32. Survey area (dark blue) and general survey pattern used to develop the
regional scale high-resolution wildlife imaging survey protocol. This area
was arbitrarily selected as a subsection of the entire Atlantic Outer
Continental Shelf (AOCS) study region of interest (Maine to Florida, from
states’ seaward boundaries to the 30 m isobath, see previous section)
representing the general size of area that might be surveyed for state- or
region-specific environmental baseline studies to support offshore wind
energy development. The red arrows indicate the general structure of
individual flight transects; however, they do not illustrate the actual transect
pattern, which entails 170 individual flight segments spaced at even 1.32 km
increments along this 225 km span of the total AOCS survey area (see Table
A02). oot bbbttt ettt e et st 215

Figure 4-33. Aircraft selected for development of the regional scale protocol for offshore
high-resolution aerial wildlife imaging surveys: the Vulcanair P68 Observer
2 (left) and its belly hatch (FIght). ... 216

Figure 4-34. Survey area (dark blue) and general survey pattern used to develop the
project scale high-resolution wildlife imaging survey protocol. This area was
arbitrarily selected within the Atlantic Outer Continental Shelf (AOCS) study
region of interest (Maine to Florida, from states’ seaward boundaries to the
30 m isobath, see previous sections) representing the general size of the
footprint of a single, commercial scale offshore wind energy project. The red
arrows indicate the general structure of individual flight transects; however,
they do not illustrate the actual transect pattern, which entails 15 individual
flight segments spaced at even 0.66 km increments along the 10 km north—
south span of the total proposed area for the project (Table 4-21). .................. 223

Figure 4-35. Aircraft selected for development of the project scale protocol for offshore
high-resolution aerial wildlife imaging surveys: the Vulcanair P68 Observer2
(left) and its belly hatch (right). ..o 225

XXXiii



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Figure 5-1.

Figure 5-2.

Figure 5-3.

Figure 5-4.

Figure 6-1.

Figure 6-2.

Figure 6-3.
Figure 6-4.

Figure 6-5.

Examples of image color transformation steps used in the hue-saturation-

value (HSV) animal detection algorithm (see text for details). ..............c.........

Hue (x axis) plotted versus the saturation values (y axis) for marine animals
compared with ocean patches. A boundary between animals and ocean can be
seen in the vicinity of hue = 120, and was incorporated into the HSV-based

animal detection algorithm. ...

Hue (x axis) plotted versus the value (y axis) for marine animals compared
with ocean patches. A boundary between animals and ocean can be seen in
the vicinity of hue = 120, up to value = 1.8, and was incorporated into the

HSV-based animal detection algorithm. ............cccccoiiiiiiiiic e

Value (x axis) plotted versus the saturation (y axis) for marine animals
compared with ocean patches. A boundary between animals and ocean can be
seen in the vicinity of value ~ 1.8, for saturation levels above 5, and was

incorporated into the HSV-based animal detection algorithm..........................

Location of experimental transect survey routes followed by all three survey
platforms (boat with visual observers, aircraft with visual observers, aircraft
with camera) during marine wildlife survey experiments conducted 10 to 20

May 2011 offshore of Oak ISland NC...........ccccoeiiiiiiiiniieee e

Three views of a single high-resolution image of a tern obtained during
digital imaging surveys conducted 10 to 20 2011 offshore of Oak Island NC.
The black cap, pale bill, whitish-gray upperparts, and general shape of the
bird visible in the image are sufficient to identify it as one of eight co-
occurring species of tern. However, the morphometric measurements
illustrated with red lines in the image on the bottom left suggest that this bird
is most likely a Common Tern, Sterna hirundo, although this determination is
subject to some uncertainty based on the unknown flight altitude of the bird

(see text and Table 6-5 and Table 6-6). .........c.ccceeviiieiicii e,

Comparison of reference object images illustrating the importance of image

resolution for image Clarity. ..........coovveie i

Comparison of bird images illustrating the importance of image resolution for

IMAGE CIANILY.....eiiiicece e

Comparison of bird images illustrating the importance of camera angle for
image clarity. Three views of adult Laughing Gulls are shown from the
offshore segments of experimental high-resolution imaging flights conducted
10 to 20 May 2011 near Oak Island NC, from three different portions of
individual image frames (upper, middle, and lower portions of frames). All of
these images were taken with a camera angle of 44°, with otherwise
equivalent imaging parameters. The adverse impacts of pixel distortion on
image quality are expected to be worst for the most acute camera angles (e.g.,
44’), and in the upper portions of images, where fewer and more distorted
pixels capture the image of individual animals. No such degradation is
readily apparent in the images in this figure, suggesting that pixel distortion

.. 240

. 241

. 241

.. 267

. 274

XXXV



List of Figures

effects are not severe enough to preclude the use of camera angles up to 44
in high-resolution wildlife imaging SUINVEYS. ..........ccoceriiiriiieieienese e 278

Figure 6-6.  Comparison of a series of successive images of the same adult Laughing Gull
from an experimental high-resolution imaging flight conducted between 10
and 20 May 2011 near Oak Island NC, illustrating the importance of multiple
pictures for determination of the taxonomic identity of animals from high-
resolution imagery. This series illustrates an extreme case in which image
quality varied substantially across successive images, most likely due to
variations in vibrational effects, as no gyrostabilizer was mounted on the
camera when this sequence was captured. Variation in the bird’s position can
also be seen across the frames, which represents a more general advantage
for the use of multiple pictures to render taxonomic identity determinations
on imaged animals, as multiple views increase the likelihood that key
diagnostic visual appearance characteristics will be visible. ..........c.ccccoevvnnennee. 280

Figure 6-7.  Variation in between-observer agreement rate on species-level taxonomic
determinations from the multiple observer identification trials, across image
resolution treatments, and for both single-image and multiple-image
determinations (SEE tEXL). .....civirirerierie e 284

Figure 6-8.  Variation in species-level identification rate from the multiple observer
identification trials, across image resolution treatments, and for both single-
image and multiple-image determinations (See text). .......cccevvevvivieviiereiiieseenns 285

Figure 6-9.  Variation in species-level identification rate (hashed bars) and between-
observer agreement rate (gray bars) from the multiple observer identification
trials, across camera angle treatments, for multiple-image determinations
(0] 01 YA (LTI (= TS RP 286

Figure 6-10. Variation in species-level identification rate (hashed bars) and between-
observer agreement rate (gray bars) from the multiple observer identification
trials, across camera angle treatments, for single-image determinations only
(=T ) TSSOSO ST 287

XXXV






List of Tables

List of Tables

Table 2-1.

Table 2—2.

Table 2-3.

Table 2-4.
Table 2-5.

Table 2—6.

Table 3-1.

Table 3-2.

Table 3-3.

Table 3-4.

Table 3-5.
Table 3-6.
Table 3-7.

Table 3-8.

Personnel Housed by Project at Oak Island NC for Op House Field Work,
Conducted 910 21 May 201 1.......ccoveiieiiiie et 12

Schedule of All Operations Performed by All Three Survey/Image Gathering
Platforms During Operations House from 10 to 20 May 2011, based out of
0K ISIANA NC.....ooiiiiieee e bbb 22

Complete Inventory of Image Gathering Flight Experimental Trials and
Segments Performed during Operations House, 10 to 20 May 2011, Out of
Oak Island NC (Experimental Transect Surveys (Non-chummed) are Listed
in Red, While Target Flyovers [Chummed Boat, Reference Object, or Bird
Island] Are Listed in BIACK)........cccooiiiiiiiiiiiicee e 24

Payload Weight Matrix for the Pelican Aircraft System ..........c.cccceevviveiieieinnenn, 31

Maximum Runtime Results from Pretesting Conducted in Gainesville FL in
F W o 1S 1 RPN 35

Summary of Flight Testing Conducted with UAS-based Aerial High-
resolution IMaging SYSIEM ......ccvoiiiieiece e 37

Detailed Evaluation of Candidate Manned Aircraft on the Basis of Many
Specifications and Aircraft Characteristics that Influence Suitability for
Conducting Offshore Aerial High-resolution Wildlife Imaging Surveys—All
Candidate Manned Aircraft Are Fixed Wing Aircraft Except for the Jet
Ranger Bell HEHCOPIET ......coeiiiieec s 56

Summary of Desktop Evaluation of Candidate Manned Aircraft on the Basis
of the Three Principal Criteria (Safety, Effectiveness, and Cost) that
Influence Suitability for Conducting Offshore Aerial High-resolution
Wildlife IMaging SUMVEYS ........ooiiiiiiiiiiieee e 58

Unmanned Aircraft System (UAS) Specifications and Other Characteristics
Used in the Evaluation of Suitability for Offshore High-resolution Wildlife
IMAGING SUIVEYS ..ottt be e be e sreeaesrsesreenee s 69

Cost Comparison of Manned and Unmanned Aircraft Systems As Platforms
for Offshore Aerial Imaging SUIVEYS. .........coiiieiiiie e 76

Parameters Used for Camera EValUation .........coooveeeeee e, 80
Parameters for Mount EValUALION. ..........ooriiiiee e 94

Cameras and Mount Stabilizer Used in Imaging Flight Experiments
Conducted by the Project Team Using a Cessna Skyhawk 337 (Manned
Aircraft) as the Imaging Survey Platform between 10 and 20 May 2011
Offshore of Oak ISIanNd NC ..o 94

Camera Evaluation Matrix Used to Select the Camera Used for Aerial
Imaging Experimentation in the Unmanned Aircraft System (UAS)................. 116

XXXVii



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Table 3-9.
Table 3-10.

Table 4-1.

Table 4-2.

Table 4-3.

Table 4-4.

Table 4-5.

Table 4-6.

Table 4-7.

Table 4-8.

Control SYSTEM MALIIX. .....eivveieiie e ns 126
Intrinsic Camera Parameters as Calculated through the Camera Calibration
Code for the Unmanned Aircraft System-based Imaging System. ..................... 134

Glare Scale Used in the Analysis of Sun Glare Impacts on Successful Animal
Detection in High-resolution Aerial IMagery ........cccoovevvvieiieeie e 143

Animal Detection as a Function of Glare Level in the Image, Based on
Manual Review of 180,718 Images Recorded during Experimental Offshore
Aerial Imaging Transect Survey Segments Conducted 10 to 20 May 2011 off
of Oak Island NC (See Text and Table 4-1 for Glare Score Definitions, See
Section 5.2 for Description of Manual Review Methodology).........ccccceevvrunnnee. 147

Angular Variables of Interest for Glare Impact Analysis, Plus Average Glare
Scores for 48 Aerial Imaging Transect Survey Segments Conducted 10 to 20
May 2011 off of Oak Island NC. ...........coviieiiiecee e 151

Angular Deviation from the Glint Spot (ADGS) Values (in Degrees) for
Simulated Offshore Aerial Imaging Surveys with the Imaging Camera
Directed Straight Down (Tilt=0" Camera Elevation = 90°), for Four Atlantic
Outer Continental Shelf Locations, for Four Calendar Dates Spanning the
Extremes of Solar Angle Variation over the Course of a Year, for All
Daylight HOUIS (S€8 TEXL) ..evviiieeieiie ettt 158

Total Number of Daylight Hours with Angular Deviation from the Glint Spot
(ADGS) above 67 for Simulated Offshore Aerial Imaging Surveys with the
Imaging Camera Directed Straight Down (Tilt =0', Camera Elevation = 90"),
for Four Atlantic Outer Contintental Shelf Locations, for Four Calendar
Dates Spanning the Extremes of Solar Angle Variation Over the Course of a
YEAI (SEE TEXL). 1ouiiitieiie ettt et et e nas 160

Angular Deviation from the Glint Spot (ADGS) Values (in Degrees) for
Simulated Offshore Aerial Imaging Surveys with the Imaging Camera
Always at 45 Tilt (45 Camera Elevation) and 180" Azimuth Relative the
Aircraft Flight Direction for Four AOCS Locations, for Four Calendar Dates
Spanning the Extremes of Solar Angle Variation Over the Course of a Year,
for All Daylight HOUrS (SE8 TEXL) ..vecviiieieeiececie e 160

Total Number of Daylight Hours with Angular Deviation from the Glint Spot
(ADGS) Values (in Degrees) for Simulated Offshore Aerial Imaging Surveys
with the Imaging Camera Always at 45 Tilt (45 Camera Elevation) and 180°
Azimuth Relative the Aircraft Flight Direction for Four AOCS Locations, for
Four Calendar Dates Spanning the Extremes Of Solar Angle Variation Over
the Course of a Year, for All Daylight Hours (See Text) ......ccccoovvereneniniennnn 163

Angular Deviation from the Glint Spot (ADGS) Values (in Degrees) for
Simulated Offshore Aerial Imaging Surveys with the Imaging Camera on an
Adjustable Mount with Two Positions as Follows: Position 1: 45 Tilt (45
Camera Elevation) And 180" Azimuth Relative the Aircraft (Rear-directed);

XXXViii



List of Tables

Table 4-9.

Table 4-10.

Table 4-11.

Table 4-12.

Table 4-13.

Table 4-14.

Table 4-15.

Table 4-16.

Table 4-17.

Table 4-18.

Position 2: 45 Tilt (45  Camera Elevation) and 0" Azimuth Relative The
Aircraft (Fore-directed) for Four AOCS Locations, for Four Calendar Dates
Spanning the Extremes of Solar Angle Variation over the Course of a Year,
for All Daylight Hours (S8 TEXL) ....cc.viiiiiiiieieieicree e 165

Total Available Suitable Survey Hours for Simulated Offshore Aerial
Imaging Surveys with the Imaging Camera on an Adjustable Mount with
Two Positions as Follows: Position 1: 45 tilt (45 Camera Elevation) and
180" Azimuth Relative the Aircraft (Rear-directed); Position 2: 45" tilt (45
Camera Elevation) and 0" Azimuth Relative the Aircraft (Fore-directed) for
Four AOCS Locations, for Four Calendar Dates Spanning the Extremes of
Solar Angle Variation over the Course of a Year, for All Daylight Hours (See

Scaling Factors Associated with Three Scales of Aerial Offshore High-
resolution Imaging Survey Protocols—Values in Parentheses Represent the
Size of the Given Value Relative to the Size of the Corresponding Value for
the Project scale ProtoCol (X) ......oovvvereiiniiiiieieiesc e 194

Labor Effort Scaling by Task, Associated with Three Scales of Aerial
Offshore High-resolution Imaging Survey Protocols ..........ccccooerenciencinnnnnn. 195

Aerial Survey Flight Details for the Northernmost of Four Aircraft in the
Atlantic Outer Continental Shelf (AOCS)-scale High-resolution Imaging
SUIVEY PrOTOCOL......cuiiiicic e 203

Aerial Survey Flight Details for the Second of Four Aircraft in the Atlantic
Outer Continental Shelf (AOCS)-scale High-resolution Imaging Survey
o (0] oo | I OSSR 206

Aerial Survey Flight Details for the Third of Four Aircraft in the Atlantic
Outer Continental Shelf (AOCS)-scale High-resolution Imaging Survey
[ 0] (01010 RSSO S PP PRPRPRPR 208

Aerial Survey Flight Details for the Fourth of Four Aircraft in the Atlantic
Outer Continental Shelf (AOCS)-scale High-resolution Imaging Survey
o 0] oo | ISR 211

Breakdown of Labor Effort and Costs by Task and Personnel Type for
Atlantic Outer Continental Shelf (AOCS)-scale Offshore High-resolution
Aerial Wildlife Imaging Survey Protocol (See Text for Complete Explanation
of Tasks, Personnel Roles, and Costing ASSUMPLIONS)..........cccvveveiieieerieieenne. 212

Breakdown of Nonlabor Costs by Item for Atlantic Outer Continental Shelf
(AOCS)-scale Offshore High-resolution Aerial Wildlife Imaging Survey
Protocol (See Text for Complete Explanations of Items and Costing
y AU [0 01 T0] ) ISP 213

Aerial Survey Flight Details for the Regional Scale High-resolution Imaging
SUIVEY ProtOCOL........oiiii i 219

XXXiX



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Table 4-19.

Table 4-20.

Table 4-21.

Table 4-22.

Table 4-23.

Table 5-1.

Table 5-2.

Table 5-3.

Table 6-1.

Table 6-2.

Table 6-3.

Table 6-4.

Breakdown of Labor Effort and Costs by Task and Personnel Type for
Regional scale Offshore High-resolution Aerial Wildlife Imaging Survey
Protocol (See Text for Complete Explanation of Tasks, Personnel Roles, and
COStING ASSUMPLIONS) ...cveeveeieeiie st siee e ettt be e saeenee s e steeneesneeneas 220

Breakdown of Nonlabor Costs by Item for Regional scale Offshore High-
resolution Aerial Wildlife Imaging Survey Protocol (See Text for Complete
Explanation of Items and Costing ASSUMPLIONS).........cccvviveieereiiieireieeeseeieas 221

Aerial Survey Flight Details for the Project Scale High-resolution Imaging
SUIVEY PrOTOCOL......cvieiicie sttt 227

Breakdown of Labor Effort and Costs by Task and Personnel Type for
Project scale Offshore High-resolution Aerial Wildlife Imaging Survey
Protocol (See text for Complete Explanation of Tasks, Personnel Roles, and
COoStING ASSUMPLIONS) ...e.vveveeieciie ittt ae e sre e esaeeaesneenas 228

Breakdown of Nonlabor Costs by Item for Project Scale Offshore High-
resolution Aerial Wildlife Imaging Survey Protocol (See Text for Complete
Explanation of Items and Costing ASSUMPLIONS)........ccccrvririeiieiienieienesesienieas 228

Performance Metrics Used to Test and Evaluate the Performance of the
Automated Animal Detection AlQOrithm..........cccooiiiiiiiiii 238

Performance of the Final Blob Detector Algorithm on the Alpha Data Set of
High-resolution Offshore Aerial Images from the Operations House
EXPEIIMENTS ...ttt e et et enra et 239

Performance of the Final Blob Detector and Hue-Saturation-Value (HSV)
Algorithms on the Alpha Data Set of High-resolution Offshore Aerial Images

from the Op HOUSE EXPEIMENTS.......ociiiiiiieiieieieec s 243
Experimental Transect Survey Trials Conducted 10 to 20 May 2011 Off Oak
1S = Vo I N S SR 254

Density Estimates for the Three Surveyed Taxa from Three Survey Platforms
(C-plane = Aerial Imaging Survey; V-plane = Aerial Visual Observer
Survey; Boat = Boat-based Visual Observer Survey), as Recorded During
Experimental Transect Surveys Conducted 10 to 20 May 2011 off of Oak
ISIANA NC ..ot n e 260

Total Animals Observed and Percent Identified to Species by Major
Taxonomic Group for Three Survey Platforms (C-plane = Aerial Imaging
Survey; V-plane = Aerial Visual Observer Survey; Boat = Boat-based Visual
Observer Survey), Based on Transect and Supplemental Survey Data
Combined, from Marine Wildlife Surveys Conducted Offshore of Oak Island
NC, 1010 20 MaY 201L......ccieieiecieeie ettt sreene s 262

Interobserver Variation in the Percentage of Animals Identified to Species by
Major Taxonomic Group for Three Survey Platforms (C-plane = Aerial
Imaging Survey; V-plane = Aerial Visual Observer Survey; Boat = Boat-
based Visual Observer Survey), Based on Transect and Supplemental Survey

xl



List of Tables

Table 6-5.

Table 6-6.

Table 6—7.

Table 6-8.

Table 6-9.

Table 6-10.

Table 6-11.

Table 6-12.

Table 6-13.

Table 6-14.

Table 6-15.

Data Combined, from Marine Wildlife Surveys Conducted Offshore of Oak
Island NC, 10 t0 10 May 201 1. ........coiiiiiieiie e 263

Mean Morphometric Measurement Ranges for Eight Tern Species that
Potentially Co-occur Offshore of North Carolina in mid-May, and that Share
the General Visual Appearance Features of the Bird Shown in Figure 6-2,
Whose Measurements Are Also Shown, as derived from Measurements of
the Image, Illustrated by the Red Lines on the Image of the Bird in the Lower
Left OF FIQUIE B2 ... 268

Sensitivity of Morphometric Calculations to Variation in Birds’ Flight
Altitude. Percent Deviation of Measurements and Quantitative Deviations for
an Actual 50 cm Morphometric Measurement are Shown Based on 450 and

600 m Imaging Flight AIITUES ..........coveiiiiie e 269
Distribution of the 220 Birds Used in Multiobserver Identification Trials
Across Image Resolution and Camera Angle Experimental Treatments............ 281

Variation in Taxonomic ldentity Determination Effectiveness Measures
Across Image Resolution Treatments, for Determinations Using Multiple
Images for Each Bird in the Multiple Observer Identification Trials (See
L= USSP 283

Variation in Taxonomic ldentity Determination Effectiveness Measures
Across Image Resolution Treatments, for Determinations Using Single
Images for Each Bird in the Multiple Observer Identification Trials (See

Variation in Taxonomic ldentity Determination Effectiveness Measures
Across Camera Angle Treatments, for Determinations Using Multiple Images
for Each Bird in the Multiple Observer Identification Trials. ...........c.ccceeveneee. 285

Variation in Taxonomic ldentity Determination Effectiveness Measures
Across Camera Angle Treatments, for Determinations Using Single Images
for each Bird in the Multiple Observer Identification Trials. .........c..cccoeverrenee. 286

Comparison Table for Models Explaining Species-level Identification Rate as
a Function of Combinations of Image Resolution, Number of Images, and
Camera Angle EFfECtS. ......ooviiiic e 288

Mean Parameter Estimates Averaged Over All of the Models Reported in
Table 6-12, Reflecting the Relative Impacts of Different Potential
Explanatory Variables on Species-level Identification Rate. .............ccccccevenne. 288

Comparison Table for Models Explaining the Rate of Agreement Between
Observers on Species-level Determinations as a Function of Combinations of
Image Resolution, Number of Images, and Camera Angle Effects.................... 289

Mean Parameter Estimates Averaged Over All of the Models Reported in
Table 6-14, Reflecting the Relative Impacts of Different Potential
Explanatory Variables On The Rate Of Agreement Between Observers on
Species-level DeterMiNatioNS..........c.ccviuerieereiie e 290

xli



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

Table 6-16. Taxonomic Guide to the Utility of High-resolution Aerial Imaging Surveys
on the Atlantic Outer Continental Shelf (AOCS) .......ccoocviiiiviieieceeee e

xlii



Acronyms and Abbreviations

Acronyms and Abbreviations

ADGS
agl
ATC
AIC
AMAPPS
AOCS
BTO
BOEM
BOEMRE
BSEE
COA
CcVv
COWRIE
COP
DVR
ESA
ESAS
FAA
FPN
GAM
GCS
HPDVR
HSV
IFR
JNCC
MMPA
MP
MW
MBTA
MTF
NERI
NEPA
NMFS
NOAA
NJDEP
PD

angular deviation from the glint spot

above ground level

Air Traffic Control

Akaike's information criterion

Atlantic Marine Assessment Program for Protected Species
Atlantic Outer Continental Shelf

British Trust for Ornithology

Bureau of Ocean Energy Management

Bureau of Ocean Energy Management, Regulation, and Enforcement
Bureau of Safety and Environmental Enforcement
Certificate of Authorization

coefficient of variation

Collaborative Offshore Wind Researches into the Environment
construction and operations plan

digital video recorder

Endangered Species Act

European Seabirds at Sea

Federal Aviation Administration

fixed pattern noise

general additive model

ground control system

High-Performance Digital Video Recorder
hue-saturation-value

Instrument Flight Rules

Joint Nature Conservation Commission

Marine Mammal Protection Act

megapixel

megawatt

Migratory Bird Treaty Act

modulation transfer function

National Environment Research Institute

National Environmental Policy Act

National Marine Fisheries Service-NOAA

National Oceanic and Atmospheric Administration
New Jersey Department of Environmental Protection
peak density

xliii



High-resolution Aerial Imaging Surveys of Marine Birds, Mammals, and Turtles on the US AOCS

PIC pilot in command

P1A Pinnacle 1 Aviation

QA quality assurance

QC quality control

RGB red-green-blue

RFP Request for Proposal

SAP site assessment plan

SSD solid state drive

SAC Special Airworthiness Certificate
SPA Special Protection Area

STC Supplemental Type Certificate
UPS uninterruptible power supply
UAS unmanned aircraft system
USFWS US Fish and Wildlife Service
VFR visual flight rules

WWT Wildlife and Wetlands Trust

xliv



Introduction

1 Introduction

1.1 Study Context and Background

Having been delegated responsibility for alternative energy activities on the Atlantic Outer
Continental Shelf (AOCS) by the Energy Policy Act of 2005, the Bureau of Ocean Energy
Management (BOEM) is challenged with assessing the potential environmental impacts of
programmatic and project-specific offshore wind energy development in this region under the
National Environmental Policy Act (NEPA). The availability of viable offshore wind energy
technology and experience from a maturing offshore wind energy industry in Europe, and a strong,
demonstrated interest in the development of offshore wind on the AOCS from Maine to Florida, has
produced a need for BOEM to assemble scientifically valid and robust data sets on protected wildlife
resources in this region. Limitations in wildlife data availability, and in the quality of available
wildlife data, constrain BOEM’s ability to complete the environmental studies mandated by NEPA
in a timely and satisfactory manner. These wildlife data quantity and quality limitations, therefore,
currently represent an obstacle to the development of a US offshore wind energy industry. BOEM,
through this and other projects, is seeking solutions for filling existing marine wildlife data gaps with
robust, valid, scientific data through innovations that improve the accuracy, reliability, cost
effectiveness, and safety of marine wildlife data gathering efforts.

Three wildlife taxa of particular interest for conservation in AOCS marine communities are birds,
marine mammals, and sea turtles. Many species of marine birds, mammals, and turtles are highly
valued and iconic, and many have experienced significant recent anthropogenic population declines,
resulting in significant levels of conservation concern and corresponding legal protection. Virtually
all North American bird species that potentially occur on the AOCS are protected by the Migratory
Bird Treaty Act (MBTA), and two bird species potentially occurring on the AOCS are also protected
by the Endangered Species Act (ESA)—Roseate Tern, Piping Plover—and a third species, Red
Knot, is currently a candidate for ESA listing. Seven species of marine mammals that occur on the
AOCS, all whales, are protected under the ESA—Northern Right Whale, Blue Whale, Fin Whale,
Sei Whale, Humpback Whale, Sperm Whale—and an eighth species, the False Killer Whale, is
currently a candidate for ESA listing. All marine mammals are protected under the Marine Mammal
Protection Act (MMPA) as well. All five species of sea turtles that occur in the AOCS region are
protected under the ESA—Leatherback Sea Turtle, Green Turtle, Loggerhead Sea Turtle, Hawksbill
Sea Turtle, and Kemp’s Ridley Sea Turtle.

The primary hypothesized potential impacts of offshore wind energy development on birds are 1)
fatalities from collisions with wind turbine rotors and towers, which is hypothesized to be most
severe if birds do not tend to avoid offshore wind energy facilities, and 2) displacement of birds from
essential feeding or transit areas that may occur if birds do tend to avoid offshore wind energy
facilities (Drewitt and Langston 2006). A growing number of post-construction bird monitoring
studies from European offshore wind facilities have begun to yield significant insights into
behavioral, taxonomic, and other correlates of fatality and displacement impacts on birds from
offshore wind energy facilities (e.g., Desholm and Kahlert 2005, Larsen and Guillemette 2007,
Krijgsveld et al. 2011, Plonczkier and Simms 2012). However, the state of scientific knowledge in
this area is still rudimentary, and there is a particularly acute need for data from the US AOCS to
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make precise predictions and risk assessments regarding the potential impacts of US offshore wind
energy development.

For marine mammals and sea turtles, collisions of animals with turbine towers are not expected to be
a significant potential impact (Wilson et al. 2010), but potential adverse impacts from pile driving
sound (Nedwell et al. 2007, Thomsen 2010), collisions with vessels resulting from increased vessel
traffic ( Laist et al. 2001, Wilson et al. 2007), and electromagnetic field impacts (Gill et al. 2005,
Wiltschko and Wiltschko 2005) have all been hypothesized as potential adverse impacts. Very little
information is currently known about the prevalence or severity of these impacts.

For birds, marine mammals, and sea turtles, a variety of positive effects have also been
hypothesized, including localized habitat enhancement and concordant food enrichment (e.g.,
artificial reef effect) (Inger et al. 2009, Degraer et al. 2010), and mitigation of the adverse impacts of
anthropogenic climate change through the combustion-free generation of electricity (Allison et al.
2008). The study of cumulative impacts has also been identified as an important area of future
research (Langston et al. 2010). For all of these potential positive and negative impacts of offshore
wind energy development on birds, marine mammals, and sea turtles, little more than hypotheses are
currently available in technical literature, underscoring the acute need for robust scientific analyses
based on empirical data to address the potential impact issues associated with offshore wind energy
development on the AOCS.

One of the most significant barriers to understanding these potential impacts is a scarcity of baseline
data, owing to the general difficulty and expense of conducting wildlife studies at sea compared with
on land. A variety of geospatial data sets for marine birds, mammals, and sea turtles do exist, and
several recent initiatives by the US federal government have resulted increased availability of this
data (O’Connell et al. 2009, 2011; NOAA 2012a). Nonetheless, gaps in our knowledge of the
spatiotemporal distributions of marine wildlife on the AOCS are much greater than they are for
terrestrial wildlife, and even less is known about behavioral factors that influence the potential for
impacts from offshore wind (e.g., flight altitudes, avoidance behaviors, susceptibility to disturbance
and displacement). Field studies of marine wildlife are needed to fill these gaps.

The general scarcity of marine wildlife data is compounded by concerns about the quality of existing
data, which derive from well-known sources of error that are inherent in conventional marine
wildlife survey methodologies that rely on expert visual observers aboard vessels or low flying
aircraft to gather data on marine wildlife. Such methods have been in use for several decades, and
have recently been applied to offshore wind environmental baseline studies in the US (Paton et al.
2010; NJDEP 2010). Vessel-based visual observer surveys have well-known limitations including
slow survey speed, which makes coverage of large areas difficult and costly; vessel-animal attraction
and repulsion effects, which distort density estimates and result in missed detections; and observer
effects (e.g., interobserver skill variability and distance estimation error), which further distort
density estimates (Shoop and Kenney 1992; Hammond 1995). Low altitude, aerial, visual observer-
based surveys provide a faster, and hence less expensive, alternative for surveying large areas.
However, there are significant safety concerns with use of low flying aircraft in a marine
environment (altitudes of 50 to 150 m are necessary for visual identification of birds). Similar to
marine vessels, the activity of low flying aircraft distorts animal counts by disturbing animals—
causing them to dive or flee before many are counted by the observers (Shoop and Kenney 1992;
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Henkel et al 2007; Buckland et al. 2012). Furthermore, and perhaps most importantly, the accuracy
of animal identifications and density estimates resulting from aerial, observer-based surveys is
affected by well-known observer biases including observer swamping, observer variability in
identification ability, observer error in distance estimation, and search image effects (Laursen et al.
2008; Thaxter and Burton 2009). The lack of a pre-observer data archive in observer-based surveys
makes observer biases difficult or impossible to quantify or eliminate from survey data.

High-resolution aerial imaging surveys have emerged recently in Europe as a potential solution to
the limitations of conventional marine wildlife survey methods. Over the past five years, this new
methodology has been applied extensively in environmental studies in support of offshore wind
energy development in Europe (Thaxter and Burton 2009). Based on early European results, BOEM
identified this new survey methodology as possessing great potential for filling existing data gaps
and overcoming current methodological problems. Although this technique holds great promise, it is
still very new—and reliable, consistent, and optimized protocols have not been established. Also,
specific consideration has not been given to the application of this methodology on the US AOCS,
which possesses some unique features relative to northern Europe, including generally lower latitude
with concordant higher angles of insolation and some distinct faunal and environmental elements.
This study was undertaken primarily for the purpose of exploring some of these unknowns, and
piloting the application of high-resolution aerial imaging marine wildlife surveys on the AOCS in
the interest of developing a cost-effective method to gather robust, valid, and accurate data on the
spatiotemporal abundance patterns of marine birds, mammals, and turtles on the US AOCS in
support of an American offshore wind energy industry.

1.2 Review of European Chronology of Transition to Digital Surveys and
Regulatory Acceptance of Digital Data for Offshore Wind Ecological
Studies

1.2.1 Introduction

The pioneering European experience using high-resolution imaging surveys to gather data for
offshore wind-wildlife studies lays the foundation for the adaptation and application of this new and
rapidly evolving survey methodology to the nascent US offshore wind energy industry. In the
remainder of this section, we provide a synthesis, contributed by Dr. Chris Thaxter of the British
Trust for Ornithology (BTO), of the European context in which this new survey technology
emerged, and the evolution of its acceptance in UK scientific and regulatory communities. In the five
years since these techniques were introduced, high-resolution imaging surveys have become almost
universally applied to offshore wind-wildlife studies. Dr. Thaxter is an ornithologist, and is an
internationally recognized scientific leader in the field of marine bird survey methodology. He was
the lead author of the article on high-resolution aerial imaging methodology that stimulated and
inspired the current study (Thaxter and Burton 2009), and currently performs research and quality
control review on high-resolution aerial imaging survey data and methods on behalf of BTO for
offshore wind-wildlife studies in the UK.

1.2.2 Visual Boat-based Methods

The earliest offshore boat surveys for counting and recording birds at sea highlighted an increasing
need for standardised survey protocols (Powers 1982). The need for robust baseline data was made
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more urgent after subsequent oil spills and the development of gas and oil exploration in the North
Sea in the 1970s. Consequently, early standardized methods were developed using strip transect
approaches, building on Canadian Wildlife Service methods (Brown et al. 1975), and formed the
basis of surveys conducted by the European Joint Nature Conservation Commission (JNCC) since
1979 (Blake et al. 1984; Tasker et al. 1987). However, these methods were then refined to include
corrections for birds a greater distance from the boat that might be missed during counts. Therefore,
line-transect methodology was adopted, leading to establishment of a European Seabirds at Sea
(ESAS) database storing large amounts of standardized pelagic data on seabird numbers and
distribution for northwestern European waters. A slightly revised line-transect technique is still used
today (Camphuysen and Leopold 1994; Durinck et al. 1994; Stone et al. 1995; Skov et al. 1995;
Pollock et al. 2000; Maes et al. 2000; Taylor and Reid 2001; Seys 2001; Skov et al. 2002) to answer
questions on species vulnerability to anthropogenic changes to the marine environment (Tasker et al.
1990; Carter et al. 1993; Webb et al. 1995; Begg et al. 1997; Maes et al. 2000), but also resulted in
ecological research and atlases summarizing seabird distribution patterns. Although the ESAS data
are relatively patchy in UK coverage, are at fairly coarse spatial resolution, and are mostly 10 years
or more old (Langston 2010), they represent the most comprehensive data set on distribution and
relative abundance (Stone et al. 1995). Today, the ESAS database is being analysed as part of work
to identify offshore Special Protection Areas (SPAS) and other collaborative projects (JNCC 2012).

1.2.3 Visual Aerial-survey Methods

The use of aerial survey techniques offshore in Europe for describing aggregations of seabirds
increased in the 1960s, particularly in Denmark (Joensen 1968, 1973, 1974), to characterize the
overall numbers and distributions of seabirds rather than provide robust statistical comparisons over
space and time. These aerial survey methods were further developed and refined during the 1980s
(Laursen et al. 1997), covering the Baltic Sea, for wintering seaducks (Durink et al. 1994), and UK
waters (Dean et al. 2003). Such methods varied by species and weather conditions but followed strip
transect protocols out to 100 m. As with boat survey methods, these methods have been further
refined to include correction for detection bias closer to the aircraft, surveying swathes of sea out to
1,000 m either side, and has been deployed in the UK (e.g., JINCC, BTO, WWT), Denmark, and
Germany (BioConsult, FTZ/University Kiel). Furthermore, in the UK, aerial surveys have been
conducted side by side with boat-based surveys, for example, to cover coastal areas that are difficult
or less efficient to reach by boat (e.g., Barton et al. 1994).

German and Dutch surveys were first conducted as part of the international waterfowl census
(Brager 1990), but are increasingly used to survey marine areas for seabirds and marine mammals
(Diederichs et al. 2002).

1.2.4 Context for Many Current Offshore Surveys in Europe: Renewable Energy

It has long been recognized that to mitigate human-induced climate change, developed economies
need to reduce reliance on fossil fuels and reduce carbon emissions. Following the Kyoto protocol in
1997, most industrial nations agreed to reduce greenhouse gas emissions by an average of 5%
(compared to 1990) by 2012. As part of this, the UK government invested in more ambitious
programs of renewable energy development to avoid reliance on fossil fuels, and in particular has
seen a marked expansion of renewable energy developments in the offshore environment. In 2007,
the UK signed an EU commitment to obtain 20% of energy from renewable sources by 2020, which
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constitutes 15% of UK energy. The renewable sources include wave, tidal, and solar power;
however, wind energy is becoming an important source. This has led to an ever pressing need for
more standardized baseline data collection to characterize and understand species distribution and
population estimates. Such data are required as part of environmental impact assessments (EIAs) for
all developments proposed. In the UK there have been several Rounds of wind farm developments
and extensions, with additional developments in Scotland. The first of these (Round 1) was launched
in 2001 to deliver 1 GW of energy; and the first UK Round 1 offshore wind farm was completed in
2003 (North Hoyle, Wales). Earlier in 2003, bids for Round 2 were invited by consortia to produce
up to 8 GW. In 2008, the next round of developments (Round 3) was more extensive, and in 2008
bidding began for seven large zones to generate up to 32 GW of energy. Further agreements for wind
farms in Scottish territorial waters were set out in 2009, and in 2010 extensions to existing Round 1
and 2 zones were announced.

The most recent aerial and boat-based methods described above have traditionally been used to
provide baseline information on the distribution and population estimates of species in areas likely to
be affected by such developments (Camphuysen et al. 2004; Maclean et al. 2009). However, the
evolution of survey techniques for seabirds and marine mammals offshore has recently seen a shift
toward high-resolution imaging technology based methods, both video-based and still images.

1.2.5 High-resolution Methods

High-resolution imagery methods have not totally replaced existing visual methods. However, there
has been a clear recognition of their advantages (Thaxter and Burton 2009). The first trials of high-
resolution techniques were conducted between 2007 and 2009 by HiDef, Ltd.—testing video-based
methods at Shell Flats, Rhyl Flats, Norfolk coast, Moray, Hastings, Isle of Wight, and Bristol
Channel (Mellor et al. 2007; Mellor and Maher 2008; Hexter 2009a, 2009b); and by APEM, Ltd.—
testing high-resolution aerial still photography at Carmarthen Bay, Barrow-in-Furness, Morecambe
Bay, Liverpool Bay, Jumbles Reservoir, and the River Kent. Further work by the Danish National
Environment Research Institute (NERI, University of Aarhus) was conducted at Horns Reef, Samsg,
Aalborg Bay, and Kamfers Dam lake, Kimberly, South Africa (Groom et al. 2007, 2011, in press)
with additional trials for gull and tern colonies in Denmark, and for cliff-nesting seabirds in nothwest
Greenland (Boertmann et al. 2009).

On behalf of the Collaborative Offshore Wind Research Into the Environment (COWRIE), a
workshop was held in Peterborough, UK in 2009 bringing together regulators (JNCC), developers of
the technology, and users to discuss the new approaches and its recent use in offshore surveys, and in
particular the pressing need to identify protocols for its use. The workshop culminated in a report
that split these protocols into camera specification and survey design parameters (Thaxter and
Burton 2009). The report highlighted that the protocols needed to retain flexibility. This flexibility
was closely related to the stated survey aims (i.e., characterization of species, species distribution,
species-specific data, or robust population estimates) and the costs to the surveyor, which would
impact survey design. Following the workshop, additional comparisons between visual and high-
resolution methods have also been conducted, including the focus on design- and model-based
population estimates (Burt et al. 2009, 2010). Model-based estimates are the focus of recent work
(Petersen et al. 2011; Buckland et al. 2012), and such data, along with visual-based data sets, are
currently being used in combined habitat association models to produce predicted spatial surfaces in
at-sea distributions of species.
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1.2.6 Regulatory Acceptance of Digital Methods

Visual-based methods are still used in offshore surveys. One of the disadvantages of aerial and boat-
based methods is the potential flushing of birds due to disturbance. Another disadvantage of boat
methods is the time needed to travel to an offshore area and then conduct the survey is much longer,
making coverage of an area in shorter time periods to minimise double counting very difficult.
Nevertheless, in the UK visual aerial and boat-based surveys are still being conducted as part of
Round 3 and extension surveys. The main reasons for their continued use is that regulators agree that
some uncertainty remains in the quality of species identification obtained from high-resolution
methods (Thaxter and Burton 2009 provide a list of species groupings currently used in high-
definition surveys based on previous JNCC groupings). Therefore, visual methods are being used to
provide species-specific information, while high-resolution methods are being used alongside as a
more robust characterisation of numbers of individuals of particular species groups (or some more
easily identified species). The two can be used together to provide a more accurate assessment of
species distribution and abundance. Moreover, the technology being used in high-resolution methods
is improving continuously. Already increases have been seen in resolution that can improve picture
clarity, and hopefully species identification. From the workshop in 2009, a minimum 5 cm
benchmark was agreed on for ground pixel resolution; however, images are currently being collected
under 3, 2, and now 1 cm resolutions. It is expected that such improvements will improve the high-
resolution method, but for now, visual methods are still required to provide the baseline species-
specific information required for EIAs.
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2 Experimental Design and Execution

2.1 Introduction

High-resolution aerial imaging survey experiments comprised a core component of this pilot study.
Whereas previous studies using offshore high-resolution aerial wildlife imaging have selected and
applied a single imaging methodology, or a small range of methodologies, our approach was based
on experimentation as a means to study the impacts of different methodological choices on survey
effectiveness, and to develop recommendations for survey protocols specifically optimized and
adapted for application to wildlife studies in support of offshore wind energy development in the US.

The manned aircraft-based system was used as the primary vehicle for this experimentation, because
aviation permitting processes were much more expedient and flexible, and payload constraints were
not as severe as with the unmanned aircraft system (UAS) system. The manned aircraft-based
imaging flight experiments were conducted during an intensive, two-week period in May 2011,
during which two survey aircraft, a survey boat, and 22 project-related personnel were based in Oak
Island, North Carolina for the purpose of conducting offshore experiments in the coastal waters
nearby. This intensive experimentation period with the manned aircraft-based imaging system is
described in section 2.2 of this chapter, and is referred to throughout the report as Operations House
(Op House).

Experimentation with the UAS was more limited in scope, and was oriented more toward proof-of-
concept tests of the viability of UAS as a vehicular platform for conducting offshore aerial high-
resolution wildlife imaging surveys. These UAS flight tests were conducted with a smaller project
team consisting entirely of personnel from the UAS specialist subcontractor, IATech, Inc., and are
described in section 2.3 of this chapter.

This chapter is intended to describe the design and execution of all imaging flight trials conducted
over the course of this study. Evaluations of experimental results, as well as recommended survey
protocols and other materials derived from the flight experiments, are presented in subsequent
chapters of this report.

2.2 Manned Aircraft System (Operations House Experiments)

2.2.1 Equipment Selection, System Construction, and Pretesting

Planning discussions were held from the initiation of the contract (October 2010) through April 2011
between the project manager (C. Gordon), technology manager (M. Kujawa), aviation specialist (R.
Clark, Pinnacle 1 Aviation), and imaging specialists (C. Jorquera and J. Luttrell, Boulder Imaging) to
coordinate all planning, equipment selection and pretesting, and logistical planning for the Op House
experiments

In April 2011, Boulder Imaging shipped two cameras to the Raleigh Executive Jetport in Sanford-
Lee County, North Carolina for integration into the aircraft-mounted imaging system by
Aeroservices, Inc., an aviation services subcontractor arranged by the project’s aviation specialist.
The cameras are as follows (also see section 3.3):
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e Area-scan: Imperx IGV-B4820

e Line-scan: Dalsa Spyder Color 4K
The two cameras were selected, one of each type (area-scan and line-scan), following a battery of
tests at the Boulder Imaging laboratory. (section 3.3). The tests showed that the chosen cameras
would meet the required performance. Imaging results confirmed the test results for both cameras,
although only the area-scan camera was able to capture usable images both before and after addition
of a gyrostabilizer to eliminate the impacts of high frequency engine vibrations.

The first camera mount and enclosure specified, adapted, and installed by Aeroservices proved
successful at isolating the area-scan camera from low frequency vibrations, but was insufficient for
doing the same with the line-scan camera. Neither camera was protected from high frequency jitter
with this mount (Figure 2-1).

04.18.2011

Low frequency vibration isolation components mount
ring and vibration isolation coils (top left), camera
mount plate, isolation coils, and mount ring (top right),
and protective cover plate for mount enclosure
(bottom) prior to installation on aircraft for Operations
House imaging experiments.

Figure 2-1.

The fine resolution and shutter speed of the line-scan camera recorded every vibration in detail
(Figure 2-2), and thus generated images noted for their random waviness. By the end of integration
week (week prior to Op House), it was decided to discontinue testing of the line-scan camera unless
vibration damping could be achieved (see gyroscopic stabilization discussion in section 3.3). Efforts
were then focused on optimizing the area-scan camera performance, which demonstrated an ability
to obtain good imagery despite the high frequency vibration.
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Figure 2-2. Image of airplanes on tarmac at Raleigh NC taken during integration testing
prior to Operations House with line-scan camera, showing vibration effect.
Some amelioration of this effect was achieved at the end of the Operations
House experimentation period using a gyroscopic stabilizer (see section 3.3).

To meet experimental requirements, Aeroservices drilled out two holes on the axle of the camera
mount rod to allow hard-point, manual rotation of the external camera mount to angles of 43.8° (the
farthest outward facing angle in a large array system) and 15.2° (an arbitrary intermediate angle that
would allow evaluation of low-oblique angle image capture).

The rotation angles were designed to point backward, shielding the camera from atmospheric
moisture and direct exposure from aerodynamic turbulence.

A series of test altitudes was devised and flown that included flight heights from 450 m to 1,200 m
altitude, covering all three angles (0°, 15.2°, 43.8°).
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Figure 2-3. Installation of camera mount system on the Cessna 337
Skymaster in Raleigh NC prior to Operations House,
showing external airframe reinforcement plates and camera
mount attachment bolts (top left), camera interior in
preparation for mount installation (top right), inner mount
axle and support strut (middle left), and fully installed
mount with windshield (middle right), rear view of fully
installed mount system with two mounted cameras (bottom
left), and gyroscopic stabilizer installed during final week of
Operations House experimental flights (bottom right).

Initial camera flight tests were conducted 3 to 6 May 2011 in the local area of Raleigh Executive
Jetport near Sanford NC, using a set of test targets determined by Boulder Imaging and M. Kujawa.

10



Experimental Design and Execution

Aeroservices continued to provide technical support because the team operated out of their facility
for the week.

After two days of certification flights, restricted category approval was obtained from the Federal
Aviation Administration (FAA), which allowed great flexibility in the flight profiles of any trial
performed with the Cessna 337 Skymaster (Skymaster) during integration trials tests and Op House.
The external mount configuration was selected because it had already received FAA flightworthiness
approval.

In early May 2011, Aeroservices, subcontractor to Pinnacle 1 Aviation (P1A), performed extensive
modifications to the Skymaster to mount and ensure the robustness of the external components.

Before the integration trials began technology manager, M. Kujawa, traveled to Sanford NC to
observe, discuss, and analyze the unfolding process and the equipment being added to the
Skymaster, and to anticipate as much as possible conditions that would be encountered during the
flight trials.

Figure 2-4.  Cessna 337 Skymaster Undergoing Modifications in
Hanger at Sanford-Lee County Airport, North
Carolina, May 2011.

The week of pre-Op House integration tests performed at the Sanford facility consisted of the
following preparations for the full flight tests scheduled for Op House:

e Powering and unpowering the equipment with and without aircraft power.

e Obtaining power from the aircraft through an inverter.

e Obtaining power through an onboard UPS.

e Synching the GPS signal of the Quazar with the GPS from the aircraft Garmin.
e Flight trials with both or only one camera operating.

e Focusing the camera lenses for different altitudes using an 1ISO 12233 target (4 x 5 feet)
mounted on a frame and carried by truck to planned altitude distances near the runway.

11
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2.2.2

Repeated attempts to deal with morning humidity during the focusing sessions spurred a
decision to obtain focus settings only when ground level humidity is low, then use a glue gun
(or a locking ring) to fix the setting in place.

Exploration of impacts of various gain, depth of field, exposure time, frame rates, and
presence or absence of an image doubling teleconverter on image quality.

Discovery of an as-yet seemingly intractable occurrence of high frequency blurring when
using the line-scan camera.

Stabilization of the area-scan camera settings so that workable images could be acquired at
the onset of Op House trials.

Establishment of reliable procedures to safely remove the onboard Quazar hard drives and
back them up nightly.

The necessity of making numerous takeoffs and landings revealed an instability in
mechanical hard drives that indicated that multiple drive failures were possible. A decision
was reached to convert all onboard hard drives to solid state drives (SSDs) (section 3.5).

The weight of a full Quazar unit is substantial for one person to handle. Equipment
movements must always be done with proper shock-absorbing cases.

Op House Personnel

A team of 22 people were engaged full- or part-time, and housed by the project in Oak Island NC
from 9 to 21 May 2011 (Table 2-1).

Table 2-1.
Personnel Housed by Project at Oak Island NC for Op House Field Work, Conducted 9 to
21 May 2011
Person Organization Project Role
Caleb Gordon Normandeau Project manager, lead scientist,
bird observer
Julia Willmott Normandeau Project coordinator, bird survey

crew manager, bird observer

Michael Kujawa

Gemini Renewables

Technical manager

Mary Jo Barkaszi

ECOES Consulting, Inc.

Control survey manager

Jeff Martin

ECOES Consulting, Inc.

Technical equipment coordinator

Luke Szymanski

A.1.S. Observers, Inc.

Visual survey coordinator

Allison MacConnell

A.1.S. Observers, Inc.

Mammal/turtle observer

Christy Harrington

A.L.S. Observers, Inc.

Mammal/turtle observer

Rachel Hardee

ECOES Consulting, Inc.

Mammal/turtle observer

Richard Brown

ECOES Consulting, Inc..

Mammal/turtle observer

Stan Huddles

Orion Aviation

Pilot

12




Experimental Design and Execution

Person Organization Project Role

Cameron Radford Orion Aviation Pilot

Ron Shrek Orion Aviation Pilot

Jerry Morris Orion Aviation Pilot

Wes Biggs Normandeau Bird observer

David Hartgrove Normandeau Bird observer

Eric Haney Normandeau Bird observer

Mitch Harris Normandeau Bird observer

Carlos Jorquera Boulder Imaging Chief image
acquisition/processing engineer

Jason Luttrell Boulder Imaging Image acquisition/processing
engineer

Ed Coffman Orion Aviation Aviation service provider

Randall “RJ” Clark Pinnacle 1 Aviation Aviation coordinator

Most of the people listed were present during the entire experimentation period. Some were present at oak island during
only part of that time. Other personnel associated with Op House, but not housed by the project (i.e., boat captain and
crew, Gainesville-based project coordination and administration staff) are not listed.

2.2.3

Op House Vehicles

Two Cessna 337 Skymaster twin engine, fixed wing aircraft and a 40-foot deep sea charter
fishing vessel, collectively referred to as platforms, were reserved and employed during the
entire Op House period to execute all planned experimental image gathering trials and
accompanying control surveys.

Aircraft were based at, and flew their Op House operations out of, the Cape Fear Regional
Jetport in Oak Island NC.

The vessel (The Voyager) was based at, and performed Op House surveys out of, the South
Harbour Village Marina in Oak Island NC.

Two 15-seat vans were rented to move all personnel from houses to field departure sites
during Op House.

Health and safety plans for each platform were developed and relevant information forms
created.

Floatation devices were secured for all personnel on all platforms.

In each platform, and at Op House, marine band radios were installed for interplatform
communication.

An antenna for the marine band radio was erected at the Op House base command house
(larger of the two rental properties: A Little R & R; section 2.2.4).

GPS devices were installed in each platform.
The boat was equipped with dry sacks for stashing damp-sensitive equipment.

13
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2.2.4

The boat was stocked with sunscreen, and all personnel organized with the necessary
equipment for onboard safety including nonslip footwear, sunglasses, and waterproof
clothing.

It was ensured that each platform had adequate first aid equipment and necessary knowledge.
All required field equipment was acquired and deployed to appropriate platforms.

Op House Food and Accomodations

Two properties were rented from Oak Island Accommodations to accommodate all Op
House personnel during the experimentation period: A Little R & R (accommodations for up
to 12 people, used as Op House base command, pictured in Figure 2-5) and The Lighthouse
(accommodations for up to eight people).

Figure 2-5. The rental property A Little R&R in
Oak Island NC served as Op House
base command.

Internet services at both houses were prearranged, but service was lacking at both houses,
requiring the purchase and installation of wireless routers at both houses to facilitate internet
connections, and the hiring Jeff Martin of ECOES Consulting, Inc., to stay on through the
duration of Op House as technical equipment manager.

A dedicated aviation-tracking computer was installed at Op House for aircraft safety
monitoring. Procedures for tracking both aircraft at all times were developed, reviewed with
Op House base command platform monitoring personnel, and emergency contact numbers
were posted on the wall next to this dedicated computer.

Four dedicated data entry computers for visual observation data and one for high-resolution
imagery data were installed in Op House.

Extension cables and powerstrips provided by ECOES Consulting, Inc., were located in Op
House to facilitate daily data entry and image review.
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2.2.5

All household supplies supplied for food preparation, bathrooms, and other basic domestic
necessities were purchased and distributed between rental properties.

Both houses were provisioned with first aid kits and other items required by the health and
safety plan.

Sufficient food stuffs (accommodating a variety of dietary requirements) and equipment
were purchased and stored for breakfasts and the making of packed-lunches at both houses.

Sufficient snacks and drinks were purchased and adequately stored at the airfield and on the
boat.

A flexible evening meal plan was organized covering the various dietary requirements of all
personnel.

Sufficient food and drink was purchased for all personnel for evening meals, including
condiments.

A flexible schedule for meal preparation and consumption that coordinated all daily
experimental schedules and subsequent data recording was designed.

Arrival and departure airport pick-ups were organized.

In the interests of time and logistics, it was decided that evening meals should be prepared by
the project coordinator (J. Willmott), and that all personnel should eat together, to enable
discussion and facilitate coordinated data entry.

At the conclusion of Op House, all remaining food and domestic items were distributed to R.
Hardee and R. Brown for delivery to a homeless shelter in Wilmington NC, or were
distributed to other members of the project team.

Op House Fieldwork Preparation

An Op House orientation meeting was held on the evening of 9 May, prior to the first
surveys. Observers, project coordinators, pilots, and boat captains were all included in this
initial meeting.

o The basic goals and plan of the Op House field work were laid out, the command
structure explained, and an intimation given of how changes and modifications to the
set schedule were to be expected. Emphasis was placed on the need for flexibility in
every single aspect of the operation from domestic arrangements to scientific
experimentation by each individual involved.

o Domestic organization, house rules, and health and safety issues were discussed.
Information was given on emergency contact numbers and emergency facility
locations, and forms distributed that needed to be completed before the first field
day. An overview of daily expectations for visual observers was also made, stressing
that given the relatively short time frame for all experimentation requirements, daily
data entry had to be completed, and delivered to the coordinator, before the end of
each day, despite anticipated fatigue.

o Written protocols were provided for individual review prior to the extensive training
and experimentation the following day. This information covered field techniques
and data gathering and recording for all visual observers and environmental data
recorders.
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o Bytheend, all observers understood the primary and secondary goals of the project
and how they differed from other surveys.

e On 10 May field personnel training included chart and map illustration of various transect
and platform combinations.

o Training was given on how to use GPS devices and digital voice recorders, fill out
field data sheets, and complete necessary computer data entry. Individual training
was given on using range finders and inclinometers, and protocols explained for field
work for each platform and taxonomic group.

o Lists of expected bird, mammal, and turtle taxa were distributed, and taxonomic
familiarity and identification ability compared. Target and most common species
were discussed and time given for practice and questions arising.

o Pilots and boat captain presented an on-site/on-platform briefing of the safety
requirements and explained what was expected in/on their specific platforms. For
each platform, careful emphasis was placed on procedures in the event of an
emergency.

e On 10 May, the camera plane performed a reconnaissance flight to find suitable reference
targets to enable calibration for each flight and camera combination covering the duration of
the experimental trials.

e Land-based personnel were trained in radio operation, flight monitoring via internet, and
interpreting the boat float-plan in the event of an emergency. Reassurance was given to all
that there was the ability for constant contact among all platforms.

2.2.6 Operations House Execution, Experimental, and Control Trials Conducted
Operations House Experiment Execution

Experimental image-gathering flights and associated visual observer-based control surveys were
conducted 11 to 20 May 2011, as described in Table 2-2 and Table 2-3. This schedule was
developed using predetermined experimental priorities and control survey design planning, modified
by day-to-day decision making by the project manager in consultation with all Op House personnel,
on the basis of evolving weather and technical constraints and considerations. All platforms departed
on coordinated tracks, each observer on each platform had reviewed platform and taxa protocols,
familiarized themselves with the complexities of equipment handling and data recording, and
completed data entry for review and comment.

Vessel-based survey configuration is depicted in Figure 2-6. Vessel-based visual observer surveys
were conducted from a sport fishing vessel called Voyager. For each survey, two marine
mammal/turtle observers and two avian observers, one of each covering opposite sides of the vessel
were stationed on board. Observers were equipped with binoculars, range finder, GPS, data sheets,
and digital voice recorder. The boat captain and crew performed all navigation, and also arranged for
and performed chumming at certain intervals and locations. The objective of chumming was to
attract numerous animals to the vicinity of the boat for the purpose of obtaining a sufficient quantity
of photographs. The objective of transect surveys was to obtain standard boat-transect visual
observer data, hence chumming was never performed during transect surveys.
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Figure 2-6. Animal observer crew boarding
Voyager for a survey operation
during Operations House.

Aircraft-based visual observations were conducted from a Cessna 337 Skymaster (Skymaster)
aircraft (Figure 2—7). Stationed on the aircraft were two marine mammal/turtle observers and two
avian observers, one of each covering opposite sides of the aircraft. Observers were equipped with
binoculars, data sheets, inclinometer, GPS, and digital voice recorder. Two pilots were aboard for
each flight to provide extra safety assurance. The second pilot also recorded meteorological and
position information during all flights. Such flights always accompanied camera-plane transect
surveys, but never accompanied target flyovers, such as reference object flyovers, chum boat
flyovers, or bird island flyovers. While accompanying the camera plane, the visual observer plane
flew roughly 500 m behind, to obtain information on the same surveyed area, as close to
simultaneously as possible within aircraft operational safety limits.
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Figure 2-7. Bird and marine mammal observers
receiving safety training and orientation
from pilot before boarding the visual
observer plane during Operations
House.

Aircraft-based high-resolution image gathering flights were conducted from a Skymaster aircraft
equipped with a mount containing one or more cameras, and onboard data storage and processing
equipment (i.e., camera-plane configuration) (Figure 2-8). One image gathering engineer, who
monitored the in-flight image gathering process, calibrated equipment, and directed aircraft activity
based on in-flight image monitoring was stationed on the aircraft. On most flights, a second non-
pilot was also onboard, to consult with the imaging engineer regarding project-related biological or
other technical considerations of the image gathering. Two pilots were aboard for each flight, to
provide extra safety assurance. The second pilot also recorded meteorological and position
information during all flights. Such flights were accompanied by a visual observer plane during
transect surveys, but never during target flyovers, such as reference object flyovers, chum boat
flyovers, or bird island flyovers. On all camera-plane flights, experimental image gathering was
preceded by visual confirmation of correct equipment calibration and function by the onboard image
gathering engineer. The next step on each image gathering flight was a flyover of a set of reference
objects, consisting of a series of docks and other objects along the coast, that had been determined
and selected on 10 May, to provide a consistent set of objects of varying size, coloration, and
patterning, whose images could be compared across all image gathering flights for the purposes of
evaluating and comparing image quality with different image gathering equipment configurations.
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Figure 2-8. Operations House camera plane showing camera mount oriented at 44°angle.

General survey design and platform coordination—The following survey design was created to
accomplish the project’s multiple image gathering and experimental survey goals in the most
efficient manner possible. On some days, this plan was varied based on technical and/or biological
considerations. The specific platform operation schedule is described in detail in Table 2-2, and the
image gathering experimental configurations that were performed are described in Table 2-3.

The boat generally made an early morning transect across the AOCS to a predetermined point
beyond the 30 m isobath of the AOCS. After arrival at the predetermined point, the boat would then
chum to attract birds. This was to give the camera plane some definite identified and quantified
images to capture after completing an unchummed transect (Figure 2-9).
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Figure 2-9. Area of boat and plane operation for Operations
House image gathering experimental trials and
associated control surveys conducted 10 to 20 May
2011.

Figure 2-10. Survey route planning meeting at Operations
House base command among boat captain, pilots,
and biological survey manager.
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While the boat completed its outbound transect, the camera plane conducted some reference object
flyovers and then set out on a coastal transect (see Figure 2-9) in tandem with the visual observer
plane. The visual observer plane remained at least 500 m behind the camera plane and at a lower
altitude (ca. 150 m). At the conclusion of the coast transect, both aircraft landed and refueled. After
confirming the boat position and status, both aircraft would then normally fly (in the same transect
formation) along AOCS traversing the offshore transect previously followed by the boat. Once
within sight of the boat, and early enough to avoid disturbing any of the animals, the observer plane
returned to base, performing an additional transect sample on the way back, while the camera plane
conducted boat flyovers. At the conclusion of the chum flyovers, both the camera plane and the boat
platforms performed transect surveys on their return to the harbor.
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Table 2-2.

Schedule of All Operations Performed by All Three Survey/Image Gathering Platforms During Operations House from 10 to

20 May 2011, based out of Oak Island NC.

Observer Boat

Observer Plane

Camera Plane

Start End Start End Start End
Date Time Time Activity Time Time Activity time Time Activity
92(|;/I1aly At Docks Arrived at airport Avrrived at airport
12()'\{'?/ 13:37 17:25 Orientation trip 13:50 14:47 Orientation trip 8:14 8:40 Testing
11:38 | 12:34 Testing
14:18 | 14:44 Testing
Short coastal and short
11 May ) . Offshore transect . . . ) . Coastal transect and short
2011 8:43 | 16:37 e 10:13 11:36 | offshore trarlljslzzteW|th camera | 10:04 | 11:45 offshore
13:19 1417 Offshore transect with 1311 14:41 Offshore transect and chum
camera plane boat flyovers
16:07 | 17:37 | coastal Trar;)s‘lzzte"‘"th camera | 1600 | 17:39 Coastal transect
12 May . ) Offshore transect . Coastal Transect with camera . .
2011 8:10 16:18 and chumming 9:42:04 11:15:02 plane 9:30 11:46 Coastal transect
. . Offshore transect with . . Offshore transect and chum
12:54 13:22 camera plane 12:37 1 1403 boat flyovers
. . Coastal Transect with camera . .
15:26 16:51 plane 15:21 | 16:53 Coastal transect
13 May . : Coastal chumming . . Coastal transect with camera . .
011 8:32 16:00 non-transsct 9:27 10:49 olare 9:17 11:33 Coastal transect
14:49 | 16:20 | Offshore chum boat flyovers
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Observer Boat

Observer Plane

Camera Plane

Start End Start End Start End
Date Time Time Activity Time Time Activity time Time Activity
15:29 16:48 S trans:e:r':gvnh camera | 1s5.30 | 17:00 Coastal transect
14 May . . Coastal chumming . . Coastal transect with camera i . Coastal transect and chum
2011 8:45 14:00 non-transect 9:10 10:29 plane 8:49 10:52 boat flyovers
1150 | 13:02 Frying Pan Shoals bird 1 44,55 | 13.93 Coastal transect
recon mission
15 May . . Offshore transect . . Coastal transect with camera . . Coastal transect with bird
2011 9:14 | 16:07 and chumming 9:50 11:06 plane S DA island flyovers
. Offshore transect, chum boat
. . Offshore transect with . . 2
12:53 | 13:16 e Gl 12:28 | 14:32 flyovers and bird island
flyovers
16 May . ) Offshore transect . . Coastal transect with camera . . Coastal transect with bird
2011 122 17:09 and chumming 10:13 11113 plane 9:21 11:34 island flyovers
. . Offshore transect with . . Offshore transect and chum
12:49 13115 camera plane 12:26 | 14:33 boat flyovers
17 May . . : . First day with stabilizer, quick
2011 D) st sl Az | R flight to test bracket security
. . Coastal transect with camera : . Coastal transect with bird
N/A 14:08 15:04 olane 13:40 | 15:30 A e
18 May . . Offshore transect ) ) .
2011 7:10 16:10 and chumming 9:00 9:20 Bird Island flyovers
12:25 12:38 Circle Bird Island with 12:00 | 12:30 Bird Island flyovers
camera plane
. . Offshore transect with . . Offshore transect and chum
12:39 13:40 camera plane 12:30 | 13:00 boat flyovers
19:00 | 19:30 Bird Island flyovers
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Observer Boat Observer Plane Camera Plane
Start End Start End Start End
Date Time Time Activity Time Time Activity time Time Activity
19 May . . Offshore transect . ) .
2011 7:02 | 16:55 and chumming 7:05 8:02 Bird Island flyovers
8:39 8:56 Equipment test runs
. . Offshore transect with . ) .
11:39 | 12:14 camera plane 9:18 9:55 Bird Island flyovers
11:30 | 13:39 Offshore transect and chum
boat flyovers
20 May . . Offshore transect ) . .
2011 7:05 | 16:46 and chumming 9:39 | 10:25 Bird Island flyovers
. . Offshore transect with . . Offshore transect and chum
12:30 13:39 camera plane 1225 | 1415 boat flyovers
Table 2-3.

Complete Inventory of Image Gathering Flight Experimental Trials and Segments Performed during Operations House, 10 to
20 May 2011, Out of Oak Island NC (Experimental Transect Surveys (Non-chummed) are Listed in Red, While Target
Flyovers [Chummed Boat, Reference Object, or Bird Island] Are Listed in Black)

Time of Resolution Swath Camera Angle
Day Segment Type Day Location Altitude (m) (cm) Width (m) Polarizer | Gyrostabilizer (degrees) Camera
5/11/11 | Reference object flyovers | 10:00-10:13 Docks 600 2 98 Yes No 0 Area-scan
Transect 10:13-11:00 Coastal 600 2 98 Yes No 0 Area-scan
Short transect 11:00-11:45 Offshore 600 2 98 Yes No 0 Area-scan
Reference object flyovers | 13:00-13:05 Docks 450 1 49 Yes No 15 Area-scan
Transect 13:05-13:52 Offshore 450 1 49 Yes No 15 Area-scan
Target flyovers 13:53-14:07 Chum boat 450 1 49 Yes No 15 Area-scan
Transect 14:07-14:30 Offshore 450 1 49 Yes No 15 Area-scan
Reference object flyovers 15:00 Coast 450 1 50 No No 15 Area-scan
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Time of Resolution Swath Camera Angle
Day Segment Type Day Location Altitude (m) (cm) Width (m) Polarizer | Gyrostabilizer (degrees) Camera
Reference object flyovers 15:02 Docks 450 1 50 No No 15 Area-scan
Reference object flyovers | 15:00-16:30 Coast 450 1 50 No No 15 Area-scan
Transect 16:07-17:29 Coast 450 1 50 No No 15 Area-scan
Reference object flyovers | 17:29-17:39 Coast 450 1 50 No No 15 Area-scan
5/12/11 | Reference object flyovers 9:30-9:40 Ocean and docks 1,000 25 121 Yes No 15 Area-scan
Transect 9:40-11:46 Coast 1,000 2.5 121 Yes No 15 Area-scan
Reference object flyovers | 12:40-12:50 Docks 1,000 25 121 Yes No 15 Area-scan
Transect 12:54-13:20 Offshore 1,200-600 (Clouds) 3-15 146-73 Yes No 15 Area-scan
Target flyovers 13:20-13:30 Chum boat 600 15 73 Yes No 15 Area-scan
Transect 13:30-14:00 Offshore 600 15 73 Yes No 15 Area-scan
Reference object flyovers | 15:10-15:20 Docks 425 15 73 No No 44 Area-scan
Transect 15:21-16:51 Coast 425 1.5 73 No No 44 Area-scan
Reference object flyovers | 16:51-16:55 Docks 425 15 73 No No 44 Area-scan
5/13/11 | Reference object flyovers | 09:17-09:25 Docks 1,000 2.5 121 No No 15 Area-scan
Transect 09:25-10:45 Coast 1,000 2.5 121 No No 15 Area-scan
Transect 10:45-10:50 Coast 600-450 (Clouds) 1.5-1 73-50 No No 15 Area-scan
Reference object flyovers | 10:50-11:33 Docks 1,000 25 121 No No 15 Area-scan
Target flyovers 14:59-15:25 Chum boat 1,200 3 146 No No 15 Area-scan
Transect 15:25-16:08 Coast 1,200 146 No No 15 Area-scan
Transect 16:08-16:17 Coast 1,000 2.5 121 No No 15 Area-scan
Transect 16:17-16:23 Coast 600 15 73 No No 15 Area-scan
Transect 16:23-16:45 Coast 1,200 3 146 No No 15 Area-scan
Reference object flyovers | 16:48-17:00 Docks 1,200 146 No No 15 Area-scan
5/14/11 | Reference object flyovers | 08:49-09:10 | Docks and ocean 1,000 25 121 No No 15 Area-scan
Transect 09:10-10:25 Coast 1,000 2.5 121 No No 15 Area-scan
Target flyovers 10:25-10:36 Chum boat 1,000 25 121 No No 15 Area-scan
Reference object flyovers | 11:45-12:13 Ocean 300-450 1 49 No No 44 Area-scan
Target flyovers 12:13-13:00 Chum boat 300-450 15 73 No No 44 Area-scan
Target flyovers 13:00-13:15 Chum boat 600 2.1 102 No No 44 Area-scan
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Time of Resolution Swath Camera Angle
Day Segment Type Day Location Altitude (m) (cm) Width (m) Polarizer | Gyrostabilizer (degrees) Camera
5/15/11 Target flyovers 9:15-09:30 Bird Island 332 1 49 No No 44 Area-scan
Reference object flyovers | 09:30-09:45 Docks 433 15 73 No No 44 Area-scan
Reference object flyovers | 09:45-09:50 Ocean 433 15 73 No No 44 Area-scan
Transect 09:50-11:06 Coast 433 15 78 No No 44 Area-scan
Reference object flyovers | 11:06-11:10 Docks 400 14 69 No No 44 Area-scan
Target flyovers 11:10-11:29 Bird Island 433 15 73 No No 44 Area-scan
Target flyovers 12:28-12:45 Bird Island 731 25 121 No No 44 Area-scan
Reference object flyovers | 12:45-12:50 Docks 731 25 121 No No 44 Area-scan
Transect 12:50-13:16 Offshore 731 2.5 121 No No 44 Area-scan
Target flyovers 13:20-13:55 Chum boat 433 15 73 No No 44 Area-scan
Reference object flyovers | 14:00-14:32 Bird Island 433 15 73 No No 44 Area-scan
5/16/11 Target flyovers 09:20-09:55 Bird Island 733 25 121 No No 44 Area-scan
Target flyovers 09:55-10:00 Bird Island 900 3 146 No No 44 Area-scan
Reference object flyovers | 10:00-10:13 Docks 733 25 121 No No 44 Area-scan
Transect 10:13-11:13 Coast 733 2.5 121 No No 44 Area-scan
Reference object flyovers | 11:13-11:25 Docks 900 3 146 No No 44 Area-scan
Target flyovers 11:25-11:34 Bird Island 900 146 No No 44 Area-scan
Reference object flyovers | 12:26-12:45 Docks 733 25 121 Yes No 44 Area-scan
Transect 12:45-13:14 Offshore 733 2.5 121 Yes No 44 Area-scan
Target flyovers 13:14-13:54 Chum boat 733 25 121 Yes No 44 Area-scan
Target flyovers 2:00-14:15 Barge 733 25 121 Yes No 44 Area-scan
Target flyovers 14:15-14:40 Bird Island 733 25 121 Yes No 44 Area-scan
5/17/11 | Reference object flyovers | 12:51-12:59 Docks Area-scan
No data gathered. Equipment Test Flight
Target flyovers 12:59-13:07 Water tower Area-scan
Target flyovers 13:40-14:00 Bird Island 600 15 73 No Yes 15 Area-scan
Reference object flyovers | 14:00-14:05 Docks 600 15 73 No Yes 15 Area-scan
Transect 14:05-15:04 Coast 600 15 73 No Yes 15 Area-scan
Reference object flyovers | 15:04-15:10 Docks 600 15 73 No Yes 15 Area-scan
Target flyovers 15:10-15:15 Water tower 600 15 73 No Yes 15 Area-scan
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Time of Resolution Swath Camera Angle
Day Segment Type Day Location Altitude (m) (cm) Width (m) Polarizer | Gyrostabilizer (degrees) Camera
Target flyovers 15:15-15:23 Bird Island 600 15 73 No Yes 15 Area-scan
Target flyovers 15:23-15:30 Bird Island 1,000 2.5 121 No Yes 15 Area-scan
5/18/11 Target flyovers 09:00-09:15 Bird Island 600 15 73 No Yes 15 Area-scan
Target flyovers 09:15-09:30 Bird Island 1,000 25 121 No Yes 15 Area-scan
Target flyovers 09:30-09:50 Bird Island 1,200 3 146 No Yes 15 Area-scan
Reference object flyovers | 09:50-10:00 Docks 1,200 3 146 No Yes 15 Area-scan
Reference object flyovers | 10:00-10:12 Docks 1,000 25 121 No Yes 15 Area-scan
Target flyovers 10:12-10:15 Water tower 1,000 25 121 No Yes 15 Area-scan
Target flyovers 10:17 Water tower 1,200 3 146 No Yes 15 Area-scan
Target flyovers 10:20 Water tower 600 15 73 No Yes 15 Area-scan
Target flyovers 10:25 Lighthouse 600 15 73 No Yes 15 Area-scan
Target flyovers 10:30 Lighthouse 1,000 25 121 No Yes 15 Area-scan
Target flyovers 12:00-12:20 Bird Island 1,000 25 121 No Yes 15 Area-scan
BirdlIsland3_1000m_15Tilt | 12:20-12:38 Bird Island 1,000 25 121 No Yes 15 Area-scan
Transect 12:39-13:08 Offshore 1,000 2.5 121 No Yes 15 Area-scan
Target flyovers 13:08-13:22 Chum boat 1,000 25 121 No Yes 15 Area-scan
Target flyovers 3:30-15:50 Bird Island 433 15 73 No Yes 44 Area-scan
Target flyovers 3:50-16:00 Bird Island 719 25 121 No Yes 44 Area-scan
Target flyovers 16:00-16:15 Bird Island 863 3 146 No Yes 44 Area-scan
Reference object flyovers 16:15 Docks 863 146 No Yes 44 Area-scan
Reference object flyovers 16:15 Docks 719 25 121 No Yes 44 Area-scan
Reference object flyovers 16:15 Docks 433 15 73 No Yes 44 Area-scan
Target flyovers 16:40 Water tower 433 15 73 No Yes 44 Area-scan
Target flyovers 16:40 Water tower 719 25 121 No Yes 44 Area-scan
Target flyovers 16:40 Water tower 863 3 146 No Yes 44 Area-scan
Reference object flyovers 18:45 Circle 719 25 121 No Yes 44 Area-scan
Target flyovers 19:00 Bird Island 863 3 146 No Yes 44 Area-scan
Target flyovers 19:15 Bird Island 719 25 121 No Yes 44 Area-scan
Target flyovers 19:30 Lighthouse 719 25 121 No Yes 44 Area-scan
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Time of Resolution Swath Camera Angle
Day Segment Type Day Location Altitude (m) (cm) Width (m) Polarizer | Gyrostabilizer (degrees) Camera
5/19/11 | Reference object flyovers 7:15 Circle 719 25 121 No Yes 44 Area-scan
Target flyovers 7:30 Bird Island 863 3 146 No Yes 44 Area-scan
Target flyovers 7:45 Bird Island 719 2.5 121 No Yes 44 Area-scan
Reference object flyovers 9:00 Docks 863 2 97 No Yes 44 Area-scan
Target flyovers 9:30 Bird Island 863 3 146 No Yes 44 Area-scan
Target flyovers 9:45 Bird Island 719 25 121 No Yes 44 Area-scan
Target flyovers 10:00 Bird Island 433 15 73 No Yes 44 Area-scan
Transect 11:30-12:14 Offshore 863 3 146 No Yes 44 Area-scan
Target flyovers 12:15-13:01 Chum boat 863 3 146 No Yes 44 Area-scan
5/20/11 | Reference object flyovers 9:39 Docks 433 15 61 No Yes 44 Line-scan
Reference object flyovers 10:00 Docks 433 15 61 No Yes 44 Line-scan
Target flyovers 10:20 Bird Island 433 15 61 No Yes 44 Line-scan
Reference object flyovers 10:30 Ocean 433 15 61 No Yes 44 Line-scan
Transect 12:25-13:09 Offshore 433 15 61 No Yes 44 Line-scan
Target flyovers 13:09-13:41 Chum boat 433 15 61 No Yes 44 Line-scan
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Visual Observer and Meteorological Data Processing

All visual observer animal survey data, as well as meteorological and position data from all survey
platforms were transcribed from voice recordings, recorded onto field sheets, and data were entered
each night on four dedicated laptops. These data consisted of boat-bird surveys, boat-mammal/turtle
surveys, observer plane-bird surveys and observer plane-mammal/turtle surveys.

Data entry was performed in pairs for efficiency and an element of quality control.

All platform GPS data were also collected and stored. Platform-relevant environmental data were
also recorded and stored. These data were collected nightly, archived nightly on dedicated USB
storage devices and nightly copied onto the Normandeau coordinator’s laptop for review. These data
were later stored on three computers, on Sharepoint, and on three USB drives.

During the first several days of Op House, quality assurance and quality control (QA/QC) review of
the previous day’s visual observer survey data was performed by the project manager and
coordinator. Errors and missing data were identified for subsequent correction and completion.
These QA/QC reviews resulted in several adjustments to nightly data entry supervision and
protocols, including the development of a nightly data entry checklist, to ensure that data entry was
performed completely and correctly by all observers each night.

During, and subsequent to Op House, an Access database was developed for analyses of the visual
observer data in comparison with animal density/abundance data that was subsequently derived from
the analyzed camera plane images. All of the visual observer data were QA/QC reviewed, cleaned,
verified, and entered into this database. This includes GPS data by time and platform, field data by
time and platform, transect times and types by time and platform, and environmental data by time
and platform.

Op House High-resolution Image Data Storage and Processing

e Twenty terabytes of hard drive storage were purchased with eSATA connection facility to
back up and store, and subsequently to facilitate analyses of the camera images.

¢ Nine terabytes of image data were collected in the field during Op House. All image data had
associated GPS information, with the exception of pre-field study experimental images.

e All image data were copied onto secondary hard drives for back up. One complete copy of
all image data resided with Normandeau in Gainesville FL, and another complete copy
resided with Boulder Imaging in Boulder CO.

e Quazar software (Boulder Imaging) was loaded onto Normandeau computers in Gainesville
to facilitate image analyses.

e Software user orientation began during Op House and continued afterward.

e Initial, cursory review of the gathered images was conducted on a nightly basis during Op
House (Figure 2-11), and continued afterward, resulting in the identification of various
images of animals gathered during experimental flights. This review was conducted for the
sole purpose of obtaining an immediate indication of whether or not the image gathering was
generally successful, and to perform on-the-fly decision making during Op House regarding
more or less promising image gathering configurations for experimentation.
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e Systematic review of the images was initiated immediately by Normandeau (manual image
review and animal identification) and by Boulder Imaging (target recognition software
development) subsequent to Op House (Supplemental VVolumes I-111).
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Figure 2-11. Screen shot of image analysis computer during initial image reviews
conducted during Operations House using Quazar software. Images (at
right) were visually scanned for animals (e.g., Laughing Gull shown in
image), and then accompanying text files (at left) were annotated to
mark locations of photographed animals.

2.3 Unmanned Aircraft System

2.3.1 Experimental Design

The testing and experimentation with the UAS-based high-resolution imaging system were
developed and conducted by the UAS specialist subcontractors on the project team, Donald and
Erica MacArthur of IATech, Inc., working in coordination with technology development manager,
M. Kujawa, and project manager and lead scientist, C. Gordon. This testing consisted of preliminary
laboratory and bench testing of equipment, followed by a series of four field tests, described in this
section.

2.3.2 System Construction and Pretesting—January to August 2011, Gainesuville,
Florida

Estimated Payload Weight

During preliminary system design and requirement meetings, an integrated payload weight analysis
was performed (camera, lens, housing, DVR, power conditioning, mount). As with any aircraft,
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overall payload weights are critical. With smaller aircraft systems, payload weight and center of
gravity will determine whether or not an aircraft will fly.

Table 2-4.
Payload Weight Matrix for the Pelican Aircraft System
Payload Component Weight Budget (Ibs)
Camera 1.8
Lens 1.7
Housing 5.0
DVR (single board computer, hard drive) 2.2
Power Conditioning 1.6
Mounts 2.3
TOTAL 14.6

Camera Mounting System

The camera mounting system was fixed and shock mounted to the airframe. Mechanically speaking,
this is the easiest and safest solution for a payload of this size. The mounts that were used have some
vibration isolation and compliance to mitigate some of the high frequency jitter from the aircraft.
These mounts are designed for avionic and marine applications and provided sufficient damping for
our application. Because we chose to power the aircraft using electric motors rather than internal
combustion engines, this greatly reduced vibration and thus improved the image quality (section
3.3.3).

Camera Interface

The camera was interfaced to a single board computer through a USB 2.0 connection. A custom
program was written to send commands to the camera that would actuate the shutter at specified time
intervals. During pretesting, we found the speed of the USB 2.0 connection sufficient to capture
image data sets with adequate overlap from image to image. The camera was powered using the
battery power provided with the camera. This was believed to be the best option for powering the
camera instead of trying to recreate a custom battery solution and powering circuit. The rest of the
imaging system was powered by a series of lithium polymer batteries with a voltage regulator to
condition the power going to the computer and hard drive.

Camera and Optics Testing

A series of images was collected with the camera/lens configuration and used to evaluate the camera
and lens based on I1SO 12233 standard chart (ANSI 2000). This chart is the 1I3A/ISO standard for
measuring the resolution of digital still imaging cameras. The target is designed to measure visual
resolution, limiting resolution, and offers a method to obtain spatial frequency response data.

This ISO 12233 image was purchased and is a very high-resolution image compared to the laser jet
printed image that is available for download online. Some example images taken at different lenses
and ISO settings are shown in Figure 2-12 to Figure 2-15.
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Figure 2-12. 1SO 12233 test image photographed with the UAS-based imaging system

during laboratory pretesting, using a variable focus lens (24 mm setting)
with 1SO 4.0.

ISO 12233 test image photographed with the UAS-based imaging system

during laboratory pretesting, using a variable focus lens (104 mm setting)
with 1SO 4.0.

Figure 2-13.
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Figure 2-14. 1SO 12233 test image photographed with the UAS-based imaging system

during laboratory pretesting, using a variable focus lens (24 mm setting)
with 1SO 22.0.
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Figure 2-15. 1SO 12233 test image photographed with the UAS-based imaging system
during laboratory pretesting, using a variable focus lens (104 mm
setting) with 1SO 22.0.

The system components that were installed in the aircraft during all subsequent field tests are shown
in Figure 2-16. This system was tested on the benchtop prior to installation in the aircraft. The bench
power supply was replaced with a DC battery pack and power regulation circuitry that powered the
image capture system. The image capture process was automated or programmed to capture three
frames per second or more depending on storage capacity of the hard disk, and the camera system
was configured for outdoor operation.

Figure 2-16. Image capture system with DC power supply, prior to
installation in aircraft for field testing.
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In Figure 2-17, a block diagram of the system components is shown. In addition to the aircraft
avionics, additional computation hardware was necessary to automate the camera image collection
process. The single board computer ran a master program that actuated the camera shutter, synced
the image data to the pose of the aircraft, and stored the data. There was also the ground control
station (GCS) that the operator/pilot used to command and control the aircraft. The GCS consisted of
a laptop, joystick, and antennas.

I'x/Rx for
command &

control

VY

| RS232

| . . USB20

—

Figure 2-17. Block diagram of system components for automated image capture and aircraft
command and control in the UAS-based high-resolution imaging system.

For this system, the required interconnections with aircraft systems and peripherals were as follows:

e Camera/DVR
o USB20
e DVR/Autopilot
o Serial RS232
e DVR/IMU+GPS
o Serial RS232
e DVR/SSD
o SATA20
(DVR: digital video recorder, IMU: inertial mobility unit, SSD: solid state disk)

A ground test was performed to test and document the maximum duration of in-flight operation
under internal power. The results are summarized below:
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Table 2-5.

Maximum Runtime Results from Pretesting Conducted in Gainesville FL in August 2011

Parameter Value
Operating voltage 12 Volt
Operating current Max: 3.15 A
Battery capacity required for 1-hour mission 3S1P LiPo @ 3.2Ah
Current battery configuration 3S1P LiPo @ 9Ah
Current mission capacity 2.8-hour runtime

The following experiments were performed in the laboratory to ensure proper operation prior to
remotely piloted flight tests:

1)

2)

3)

4)
5)
6)

Test full range of cameras, optics, and vectoring and automated operations in-flight.

We designed the payload mounting structure to accommodate a range of camera
angles measured from the vertical downward direction.

Test full range of relevant remote control maneuvers in flight.

This was regularly tested to check for proper radio communication and any drop outs
that may occur during flight.

Test video streaming link speed in flight.

The onboard video camera was used for operator navigation purposes. This video
downlink was tested in flight to have a of 1 to 2-mile line of sight. Due to the large
file size and limited communication bandwidth, the high-resolution images were
stored onboard the aircraft and retrieved after the flight.

Test full range of camera, optics, and automated operations in flight.
Test and document instrument response to altitude changes.
During each mission, basic parameters were recorded such as roll, pitch, yaw, position, and
altitude.
a. Testand document response time to control inputs and results (at varying altitudes).
b. Test and assess effectiveness of method used to maintain synchronization between
frame capture rate and airspeed.

Test Matrices

Prior to conducting field tests, we developed a set of test matrices to ensure successful execution and
data gathering during all field tests. These test matrices are described for individual imaging system
components below.
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a. Cameras
Test Case Description Requirements Pass/Fail Comments
a.l. Maximum frame 20% image overlap during
rate cruise
a.2. Exposure Shortest exposure time while
settings—I1SO maintaining image contrast
value
a.3. Battery capacity Internal battery capacity
exceeds mission duration
b. Lenses
Test Case Description Requirements Pass/Fail | Comments
b.1. Focal length allows | 1 cm, 2 cm, 5 cm ground pixel
for desired spatial spatial resolution
resolution at
mission altitude
b.2. Polarization filters | Reduce glint, glare, sky
(vertical, reflection effects
horizontal)
b.3. Color filters Increase image contrast
c. Mounts
Test Case Description Requirements Pass/Fail | Comments
c.l. Camera angle Observe reduction in glint,
(vertical/oblique) glare effects
c.2. Camera angle Increase coverage area while
(vertical/oblique) maintaining image quality
c.3. Vibration isolation | Improve image quality through
passive vibration mounts
d. Control systems
Test Case Description Requirements Pass/Fail Comments
d.l. Automated Unattended image capture
exposure control
d.2. Syncing image and | Unattended syncing of images
metadata with metadata
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e. Digital Voice Recorder

Test Case Description Requirements Pass/Fail Comments
e.l. Automated Unattended image storage
exposure control
e.2. Syncing image and | Unattended storage of images
metadata with metadata
e.3. Capacity Storage capacity exceeds
mission requirements (mission
duration x frame rate x image
size)

2.3.3 Flight Trials Conducted

Following all system development and pretesting, flight testing was conducted with the UAS-based
high-resolution imaging system in four stages, outlined in Table 2-6 and detailed in text below.

Table 2-6.
Summary of Flight Testing Conducted with UAS-based Aerial High-resolution Imaging
System
Flight
Ground Altitudes
Flight Test Stage Dates Location Substrate (agl) Vehicle
1: Preliminary test of 1-4 Sept 2011 | Lake Santa Lake 370 m Manned
imaging equipment Fe FL (water) aircraft
2: Initial UAS imaging | 5-9 Sept 2011 | Gainesville Land 30-160 m | UAS
test FL
3: High altitude UAS Week of 3 Oct | Camp Land 200-500 m | UAS
imaging test 2011 Roberts CA
4: Over water UAS Jan-Feb, 2012 | Near Cedar Gulf of 60-140 m | UAS
imaging test Key FL Mexico
(water)

Flight Testing Stage 1

Lake Renegade manned plane aerial payload tests were conducted to collect synchronized image,
position, velocity, and orientation data from the imaging system: camera/IMU/GPS sensors, prior to
integration of the system within the UAS. The Lake Renegade manned aircraft (Figure 2-18)
provided an ideal platform for these tests because of its rear-mounted propeller and engine. This

provided a clear, unobstructed view from the passenger seat.
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Experimental Setup:

Computer initiated camera shutter and all data was transferred and databased
Flown at ~370 m agl due to cloud ceiling
Flown at ~80 knots
Area of Lake Santa Fe FL
Environmental: Scattered clouds with smoke and fog
Camera and IMU/GPS handheld
o Camera: Canon Mark Il with 200 mm lens
Observations:
o Camera exposure/shutter speed needed adjustment
o Image jitter due to manual holding of camera payload

Figure 2-18. Lake Renegade manned aircraft flown over Lake Santa Fe
near Gainesville FL during stage 1 flight testing of the
imaging system developed for UAS-based aerial high-
resolution imaging surveys, September 2011.

Some sample images are provided in Figure 2-19 and Figure 2-20. These images were taken once
per second from the onboard camera imaging system. See section 3.3.3 also.
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Figure 2-19. A sample image of the surface of Lake Santa Fe FL taken during stage 1 flight

testing of the imaging system developed for UAS-based deployment, September

2011.
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Figure 2-20. A sample image of the water and shoreline of Lake Santa Fe FL taken during
stage 1 flight testing of the imaging system developed for UAS-based
deployment, September 2011.

Flight Testing Stage 2

Our preliminary imaging system testing was conducted in Gainesville FL over land and at low
altitudes. During these experiments we were evaluating the performance of the aircraft and of the
camera imaging system during its first test after integration of the imaging equipment into the UAS.
Details of the experimental setup are listed below, and the aircraft is shown in Figure 2-21.

e Flight Elevation: 100 to 500 feet over land

e Flight Speed: 35 to 40 mph

e Environmental: Early evening flight during very overcast conditions

e Testing of camera, single board computer, solid state hard drive onboard the aircraft.
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Figure 2-21. Pelican aircraft at flying field in Gainesville FL during
stage 2 flight testing, September 2011.

Some sample images from the stage 2 UAS-based imaging flight tests are provided in Figure 2-22
and Figure 2-23. These images were taken once per second from the onboard camera imaging
system.
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Figure 2-22. Eight sample images of the ground surface near Gainesville FL
taken during stage 2 flight testing of the imaging system developed
for UAS-based deployment, September 2011.

From our initial over land field experiments, we were able to create a composite or stitched image
that provides a merged aerial image. Based on these experiments, we found that there was sufficient
overlap from image to image using a once per second sampling rate. These results will vary with
flight speed and prevailing wind conditions.
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Figure 2-23. Composite image of the ground surface near Gainesville FL, created by

stitching together four separate images taken during stage 2 flight
testing of the imaging system developed for UAS-based deployment,
September 2011.

Flight Testing Stage 3

High altitude flight tests were performed at Camp Roberts CA in restricted military airspace during
the week of 3 October 2011. The objective of these tests was to collect synchronized image, position,
velocity, and orientation data from the camera/IMU/GPS sensors at higher altitudes, including the
altitudes of interest for offshore wind-wildlife imaging surveys (safely above the rotor swept zone of
commercial marine wind turbines). UAS flight tests at these altitudes were only permissible within
military airspace for this project, due to lengthy and difficult FAA permitting processes for flying
UAS within US civilian airspace (see section 3.2.3).

Experimental Setup:

The system was initially flown at low altitudes (200 m above ground level [agl])
Gradually increased the flight height (up to 513 m agl)

Flying at ~35 to 40 knots (kts)

With heavier winds, sometimes flying at a slower speed

Weather: calm in the mornings with increasing winds (10+ kts) in the afternoon, there was
some rain and storms to work around

Camera, IMU/GPS, embedded DVR equipped on aircraft
Camera: Canon 18MP with 55 mm lens

During the stage 3 field tests, winds ranged from 5 to 10 mph with 20 mph gusts. During the
heaviest winds, the aircraft was still able to penetrate the wind and collect survey images.
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Our GCS is used to send and receive commands to and from the aircraft. This is used to remotely
pilot the aircraft and provides the pilot with a video downlink at all times. A sample screenshot of
our GCS interface is shown in Figure 2-24.

Figure 2-24. Sample screenshot from the ground control station (GCS)
interface used during stage 3 flight testing of the UAS-based
high-resolution imaging system at Camp Roberts CA, October
2011.

Stage 3 field testing produced imagery of the ground surface containing an image quality evaluation
target, as well as other objects of known size and visual appearance that were useful for evaluating
the effectiveness of the UAS-based high-resolution imaging system. A selection of representative
images captured during stage 3 flight testing is presented in Figure 2-25, Figure 2-26 and Figure 2—
27 below. The flight altitude profile of a single stage 3 test flight is shown in Figure 2-28.
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Figure 2-25. Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =513 m
agl.
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Figure 2-26. Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =272 m
agl.
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Figure 2-27. Image of the ground surface at Camp Roberts CA, taken during stage 3 flight
testing of the UAS-based imaging system, October 2011. Flight altitude =436 m
agl. The black and white image quality evaluation target is visible just below the
runway in this image. The dimensions of the target are 457 x 366 cm.
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Figure 2-28. Flight elevation profile for a stage 3 test flight of

the UAS-based imaging system conducted at
Camp Roberts CA during October 2011.

Flight Testing Stage 4

Lower altitude flight tests were performed near Cedar Key FL over the surface of the water of the
Gulf of Mexico, from 0 to 1 km from the shore, during January and February 2012. The objective of
these tests was to collect synchronized image, position, and orientation data from the aircraft in a
marine environment. Higher altitude flights at this location were precluded by FAA permission
restrictions on UAS flights within US civilian airspace.

Experimental Setup:

The system was flown at low altitudes (20 m agl)

Gradually increased the flight height (up to 140 m agl)
Flying at ~35 to 40 kts

Weather was very clear and calm with light winds (3 to 5kts)
Camera, IMU/GPS equipped onboard aircraft

Stage 4 flight testing of the UAS-based imaging system produced overwater images that were useful
for evaluating the effectiveness of the imaging equipment for conducting offshore wildlife imaging
surveys, including several images of birds and a possible marine mammal. Representative images
gathered during the stage 4 flight testing are presented in Figure 2—-29, Figure 2-30, and Figure 2-31
(see also section 3.3.3). The flight altitude profile of a stage 4 flight test is shown in Figure 2-32.
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Figure 2-29. Image of the water’s surface of the Gulf of Mexico near Cedar Key FL, taken
during stage 4 flight testing of the UAS-based imaging system, January to
February 2012. Flight altitude = 80.5 m agl.
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Figure 2-30. Image of a boat and the water’s surface of the Gulf of Mexico near Cedar Key
FL, taken during stage 4 flight testing of the UAS-based imaging system,
January to February 2012. Flight altitude = 141.5 m ag|.
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Figure 2-31. Image of shallow water in the Gulf of Mexico near Cedar Key FL, with the
shallow sea floor visible below the water’s surface, taken during stage 4 flight
testing of the UAS-based imaging system, January to February 2012. Flight

altitude = 83.1 m agl.
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Figure 2-32. Flight elevation profile for a stage 4 test
flight of the UAS-based imaging system
conducted over the Gulf of Mexico near
Cedar Key FL, during January to
February 2012.

52



Technical Analyses and Evaluations

3 Technical Analyses and Evaluations

3.1 Introduction

The objective of this project is highly methodological—to optimize and adapt a new survey method
through a pilot study; and the method of interest—high-resolution aerial imaging—is highly
technological in nature. For this reason, the evaluation, development, and implementation of
technology for conducting offshore high-resolution aerial wildlife imaging surveys comprised a core
component of this project, and is outlined in this chapter.

In particular, the contract specified four areas of technology to be addressed in separate tasks, as
follows:

e Task 2: Evaluate aircraft for safety and effectiveness offshore

e Task 3: Evaluate high-definition cameras and mounting systems
e Task 4: Develop protocols for camera control and operation

e Task 5: Evaluate and recommend data recording systems

Each of these four technological components is addressed in a separate subsection of this chapter.

All of the technology-related work in this project was performed directly by subcontracted technical
experts, working under the direction of the technology manager, M. Kujawa, and Normandeau. The
subcontracted technology experts, and their respective areas of expertise and project roles were as
follows:

e Auviation (aircraft and integration of imaging equipment)
o Manned aircraft systems: Randall Clark, Pinnacle 1 Aviation (P1A)
o Unmanned aircraft systems (UAS): Donald and Erica MacArthur, IATech, Inc.
¢ Imaging (cameras, optics, data recording, storage, and transfer)
o Manned aircraft systems: Carlos Jorquera and Jason Luttrell, Boulder Imaging
o UAS: Donald and Erica MacArthur, IATech, Inc.

The technology-related sections of this report contain both broad-based evaluations of existing
technologies based on reviews of available information, and also focused evaluations of the specific
technologies we implemented during flight experiments, based on analysis of our experimental
results. The aircraft and camera/mount evaluation sections contain significant depth, as these
technology choices are more pivotal for the design of aerial high-resolution wildlife imaging
surveys, while the camera control and data recording system sections are more brief, with an
emphasis on description of the systems implemented, and evaluation of performance during the
experimentation that was conducted over the course of this study.

As a final point of introduction to the technical analysis section of this report, we note that
technology is rapidly changing, particularly with respect to imaging equipment. Future technological
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advances can impact optimal high-resolution aerial imaging survey design in many ways, but in
particular, we anticipate significant future improvements in aerial imaging survey protocols with the
development of digital cameras capable of recording larger images (more pixels). Early in the design
of this project, the project team identified increasing the survey swath width over that typically
implemented in the pioneering European offshore high-resolution wildlife imaging surveys of the
late 2000s as a critical need for successful implementation of offshore aerial high-resolution imaging
surveys in US waters. This is primarily driven by the large areal extent of the AOCS that is desirable
for offshore wind development (USDOE 2008). Although the implementation of multiple camera
arrays was initially envisioned as a potential solution to this need, recent rapid advances in digital
camera image size capacity suggests that camera technology development may present a more
efficient and economical solution for surveying wider swaths.

3.2 Aircraft Evaluation

3.2.1 Introduction

The objective of the aircraft evaluation, as defined in task 2 of the contract, was to “collect relevant
data and information to evaluate the suitability of various aircraft for safe, effective, and efficient
conduct of aerial surveys offshore on the AOCS.” Three broad criteria were used to define
suitability as follows:

1) Safety
2) Effectiveness
3) Cost

This evaluation was conducted in two stages. In the first stage, a desktop analysis was conducted in
which all possible candidate aircraft were evaluated based on available literature, technical
specifications from manufacturers, and expert opinion to identify aircraft likely to be most suitable
for the purpose of conducting aerial high-resolution marine wildlife imaging surveys. The desktop
review was also used to select a subset of aircraft to be used in field testing for this project. The
second stage of aircraft evaluation consisted of post-field testing evaluation of the performance of
the aircraft used for this project.

An initial review of candidate aircraft for conducting high-resolution marine wildlife imaging
surveys revealed significant potential utility of both manned and unmanned aircraft systems, hence
one of each was selected for field testing. The aircraft evaluation section of this report is
correspondingly divided into separate sections for manned and unmanned aircraft systems.

3.2.2 Manned Aircraft Evaluation

The evaluation of candidate manned aircraft under the project was led by the subcontracted aviation
technical expert on the project team, R. Clark of P1A, in coordination with the technology task
manager, M. Kujawa, and under the direction of Normandeau.

Desktop Evaluation and Flight Test Aircraft Selection

The desktop evaluation of aircraft was initiated with an exhaustive literature review. Information on
the technical specifications and performance of candidate aircraft gathered was compiled and
combined with the professional opinion and experience of aviation experts to systematically evaluate
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all candidate manned aircraft under the three broad suitability criteria—safety, effectiveness, and
cost. To supplement the direct experience and opinion of aviation expertise on the project team, M.
Kujawa and C. Gordon conducted a series of interviews with pilots and aerial imaging practitioners,
as well as representatives from US federal government agencies involved in conducting aerial
wildlife surveys. A summary of this information is presented in Table 3-1 and Table 3-2, and is
discussed in the text of this section.
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Table 3-1.

Detailed Evaluation of Candidate Manned Aircraft on the Basis of Many Specifications and Aircraft Characteristics that
Influence Suitability for Conducting Offshore Aerial High-resolution Wildlife Imaging Surveys—All Candidate Manned

Aircraft Are Fixed Wing Aircraft Except for the Jet Ranger Bell Helicopter
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Aircraft* O w o o N >0 o I (ON®] X Om X m QO m N
Power Plant (No) 2 2 2 2 2 2 1 1 1 1 1
Power Plant (Type) Piston Piston Piston Piston Piston Turbine Turbine Turbine Piston Turbine Piston Turbine
Cruise Airspeed 175 215 150 184 155 173 165 295 130 150 140 100
(mph)
Climb Rate (fpm) 1,180 1,445 1,400 1,100 1,700 1,600 1,115 2,140 1,050 1,371 1,020 1,260
Useful Load (Ibs) 994 2,800.00 | 1,600.00 1,499.00 1,025.00 5,200.00 | 3,734.00 | 1,540.00 811 3,535.00 | 2,100.00 | 1,038.00
Cabin Size Small Medium Small Medium Small Very Large Medium Small Large Medium Small
Large
Gen/Alt Output 28/60 317 KW 28/60 28/70 28/61 28/200 28/200 > 400 28/60 28/300 28/60 28/150
(VIA) %2 x 2 %2 %2 %2 %2 KW Min
Range (nautical 922 1,093 1,300 1,598 784 775 900 1,000 570 1,032 455 374
miles [nm]; approx.)
Production Dates 1963- 1964— 1952— 1972- 2004— 1965- 1984— 1969- 1962- 2007- 1947- 1967-
(All Models) 1982 1984 1981 Present Present 1988 Present 1983 Present Present 1967 2009
Compatible with 12- N Y Y Unknown Unknown Y Y Y Y Y Y Y
Camera Array
Marine Survey Y Y Y Y Y Y Y Y Y Y Y Y
History (Y/N)
Maximum Seating 6 8 6 6 4 20 12 7 6 10 7 5

(Crew + Pax)
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Availability (Unitsin | ~3,000 | ~ 2,000 > 4,000 450 <750 > 500 ~ 2,000 416 > 5,000 <50 > 1,00 > 7,000
Service)
Wing Type High Low Low High Low High High Low High High High N/A
Landing Gear R R R F R F F R F F F F (SKID)
F = fixed
R = retractable
Cost Of Operation’ 110 185 129 79.348 42.064 334.6 335 500 76 239 129 335
($/hour)
Endurance (hours) ~5.0 7.5 45 10 10 7 51 ~6.5 45 59 5 4
Fuel Burn (gph) 23 37 27 16.6 8.8 70 53 100 16 50 27 28

*Production information and statistics available at www.airliner.net.
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Table 3-2.

Summary of Desktop Evaluation of Candidate Manned Aircraft on the Basis of the Three
Principal Criteria (Safety, Effectiveness, and Cost) that Influence Suitability for
Conducting Offshore Aerial High-resolution Wildlife Imaging Surveys

Manned Aircraft Safety Effectiveness Cost Total
Cessna 337 4 3 5 12
Piper Navajo 4 4 4 12
Piper Aztec 4 5 3 12
Vulcanair P68 Observer 2 4 3 5 12
Diamond DA42 MPP 4 2 5 11
Twin Otter, De Havilland DHC-6-300 5 5 1 11
Cessna 208B Grand Caravan 3 5 3 11
King Air XXX 5 4 1 10
Cessna 206 2 3 5 10
Kodiak 100 3 4 3 10
Beaver, De Havilland DHC-2 1 4 3 8
Jet Ranger Bell 206BI11 helicopter 2 2 2 6

Higher scores indicate higher suitability. All candidate manned aircraft are fixed wing aircraft except for the Jet Ranger
Bell Helicopter. Each aircraft’s scores for each criterion were derived from a combination of many individual
specifications and factors, presented in more detail in Table 3—-1 and in the text.

Discussions with Other Airborne Imaging and Surveying Practitioners

The project team contacted a variety of practitioners of aerial wildlife surveys in the process of
evaluating candidate aircraft, as well as other aerial high-resolution imaging equipment
configurations and techniques. In the case of commercial practitioners, limited information was
available for use in the current project, because much of the technical information about survey
methodologies they use is privileged, confidential information. The organizations and persons
contacted via meetings, telephone, email, and Skype were:

e Steve Earsom, USFWS pilot

e Tim Bowman, USFWS; pilot, Sea Duck joint venture director

e Dr. Ib Krag Petersen, Danish National Environmental Research Institute (NERI)
e Mark Robinson and John Martin, UK-based HiDef Aerial Surveying, Ltd.

e Dr. Stuart Clough, UK-based APEM, Ltd.

e Tim Cole, NOAA, AMAPPS project

It is important to note that all three European high-definition aerial wildlife survey organizations use
through-the-floor imaging devices that are mounted within the interior of the aircraft. All US-based
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video and digital imaging efforts are also carried out using cameras peering out from within the
aircraft. The helicopter-based Block Island RI offshore survey has been carried out using a camera
looking out through the aperture afforded by removing the door behind the pilot (M. Kujawa, pers.
comm.).

US Fish and Wildlife (Steve Earsom, Tim Bowman)

Discussions with S. Earsom and T. Bowman focused on US government use of manned aircraft for
high-definition aerial wildlife surveys, in particular USFWS breeding waterfowl surveys and winter
sea duck surveys on the AOCS, focusing on lessons learned and equipment and methodology
employed. Attention was also given to the use of the Kodiak 100 turbine driven, single engine
aircraft as a potential candidate survey aircraft. S. Earsom noted that flight safety statistics have
shown that single engine, turbine driven aircraft have the lowest accident rates of all general aviation
aircraft. Currently USFWS uses the Kodiak 100 to conduct their continental scale waterfowl surveys
(waterfowl breeding population and habitat surveys, offshore wintering sea duck surveys), and all
are fitted with floats for increased safety and flexibility in marine operations.

NOAA, Atlantic Marine Assessment Program for Protected Species (AMAPPS) project (Tim Cole)

Discussions with Tim Cole, a NOAA biologist involved with the large-scale AOCS wildlife surveys
of the Atlantic Marine Assessment Program for Protected Species (AMAPPS) project, focused on
the survey objectives and methodologies currently being applied to the AMAPPS project. Although
this project entails exclusively visual observer-based surveys, the De Havilland Twin Otter aircraft
being used for the aerial surveys are potentially suitable for conducting digital aerial imaging
surveys, particularly because they possess belly hatches in which cameras could be mounted. The
possibility of adapting these aircraft to supplement the current AMAPPS methodology and help
accomplish AMAPPS project objectives was discussed, and a specific protocol for conducting large
scale marine aerial high-resolution imaging surveys was developed, presented in Chapter 4.

Criterion 1: Safety

A number of subcriteria were identified within the safety criterion that contributed to the suitability
of candidate aircraft for conducting offshore aerial high-resolution wildlife imaging surveys. These
subcriteria are presented in Table 3—1 and described below.

e Power Source

Aircraft of the size of interest have either one or two engines, using either piston or turbine power. A
single engine aircraft has its engine mounted on the centerline. Except for a single mass-produced
design, all dual engine aircraft have engines mounted left and right of center. The lone exception to
this standard two engine arrangement is the Skymaster, which features dual center-mounted in-line
engines mounted fore and aft of the main wing. One engine pushes and the other pulls.

In general, multiengine aircraft have a higher safety advantage over single engine aircraft,
particularly for piston engines. Depending on payload, in the case of a single engine failure over
water, the aircraft can be safely flown to a suitable airport on the remaining engine. Turbine engines
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are historically more reliable than piston engines, although usually at the price of higher operating
costs. Operating time between failures is significantly higher in turbine engines than piston.

Both European commercial high-resolution aerial survey companies (APEM, Ltd. and HiDef Aerial
Surveying, Ltd.) employ twin engine aircraft when performing marine wildlife surveys (S. Clough,
APEM Ltd., pers. comm.; Mark Robinson, HiDef Aerial Surveying, Ltd., pers. comm.).

Twin engine aircraft also provide redundancy in electrical power generation because each engine is
typically driving an alternator or generator. Given the increased electrical loads produced by the
onboard imaging equipment, this ensures adequate electrical power margins for both organic aircraft
power requirements and the imaging system components.

Traditionally, government agencies have required their aircraft operating over water for extensive
periods to be equipped with at least two engines. However, with ever improving engine technology
and powerplant maintenance, aircraft engines today rarely encounter failure if properly maintained.
In addition, turbine engines (turbo-prop) are becoming more common in larger single engine aircraft
such as the Cessna 2088 Grand Caravan, Kodiak Quest, and Pilatus PC-12. For example, the turbine
PT-6 engine has a long history of reliability. However, turbine engines also result in higher operating
Costs.

e Long Aircraft Production Runs

Long production runs result in valid safety and performance data derived from many thousands of
hours of performance and many years of flight operations. A long production history also typically
equates to a larger pool of qualified and experienced pilots in that aircraft. This ensures that a
sufficient number of qualified, experienced pilots will be available to fly the aircraft if a survey is
undertaken.

Continuous use over decades means that there are facilities where pilots regularly go to gain or
maintain currency and qualifications with a particular aircraft model. Further, it means that there is a
standing cadre of aircraft service providers with personnel who are familiar with the aircraft, its
components and maintenance, and with access to parts.

Criterion 2: Effectiveness

A number of subcriteria were identified within the broad effectiveness criterion that contributed to
the suitability of candidate aircraft for conducting offshore aerial high-resolution wildlife imaging
surveys. These subcriteria are presented in Table 3—1 and described below.

e Cruise airspeed—miles per hour (ground speed)

The distance covered per hour greatly impacts the flight time necessary for a survey, which in turn
strongly influences the amount of fuel burned and the cost per square mile surveyed. It is important
to note that flight speed also interacts with imaging specifications, as more image blur tends to be
introduced at higher speeds.
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e Climb rate—feet per minute

The climb rate to survey altitude may impact flight time, although this impact is expected to be
minimal at the survey altitudes considered.

e Useful load—in pounds

This aircraft characteristic limits the amount of equipment and number of technicians and observers
that can be onboard the survey aircraft. Weight and balance distribution is also an important feature
impacting the safe and effective operation of various aircraft with certain imaging payloads.

e Cabin size—in cubic feet

This is a limiting factor for the size of any equipment and number of technical personnel for a survey
flight. This also may limit the available floor area for mounting camera systems and support
equipment.

e Generator/alternator output—in volt/amperes

The power output criterion is only important as a minimum threshold above which power is
sufficient for operating all imaging system equipment as well as all organic aircraft functions.

e Endurance—hours

This aircraft characteristic governs the maximum flight time possible before returning for refueling.
Greater aircraft endurance increases the survey efficiency—and thereby lowers the cost—of imaging
surveys. It is important to note that endurance interacts with payload and speed, which impact fuel
consumption rates.

e Range—nautical miles

A function of useable fuel and flight speed, this characteristic reflects the maximum distance the
aircraft can fly between refueling stops.

e Production dates—time in manufacture

This information is provided to indicate when the aircraft was produced from the factory. However,
whether or not an aircraft is still in production is not a relevant factor in this experiment.

e Maximum seating—crew and passenger

Related to cabin size, this criterion refers specifically to available room for passengers and
equipment, and is an indication of aircraft interior design flexibility.
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e Availability—units in service; ease of access to multiple aircraft of the same make and
model

Pilots have flexibility in scheduling if the same type of aircraft is flown; substitute aircraft can be
found more easily if more of the same model of aircraft are available and operation and mounting
configurations and procedures are understood. The use of rare, limited availability aircraft models
carries additional risk that surveys will not be able to be performed in the times and places desired,
hence we regard high availability of aircraft models as a positive factor contributing to effectiveness
for aerial offshore wildlife imaging surveys.

e Wing type—High/low/middle

This feature is more relevant to survey methods employing visual observers viewing wildlife through
cabin windows. A low wing aircraft obviously has significant obstacles to the observer as they view
targets below the aircraft. Low wing aircraft also have a wing spar passing through the cabin floor,
which can limit the available locations for belly camera ports..

e Landing gear—fixed/retractable

Retractable landing gear ensures that there will be no obstructions in the field of view beneath the
fuselage of the aircraft.

e Fuel burn rate—gallons per hour (gph)

This aircraft characteristic interacts both with endurance and cost of aircraft operation. Its
importance will vary with fuel prices. For example, fuel increased in price by 25% per gallon the
year after the flight experiments for this study were designed and planned. Note: Another
consideration regarding fuel is availability. Turbine engines require jet fuel, while piston engines use
100LL Avgas. While Avgas is readily available in the US, it is becoming increasingly difficult to
obtain in more remote parts of the world. This could be a consideration depending on the location of
the survey.

Criterion 3: Cost

The cost criterion was the simplest to evaluate, as a function of price per hour offered by aviation
service providers 